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(57) ABSTRACT 



nterface unit in a transmission system 
wherein time series data is divided into data groups and a 
data packet comprising reproduction specification time data 
specifying the lime at which each data piece in the data 
groups should be reproduced, added to the data groups is 
transmitted on a transmission bus in a time division manner. 
The reception interface unit has a cycle timer for counting 
the reference time of the home machine based on the 
reference time on the transmission bus, a generation section 
for generating the reproduction specification time data, an 
addition section for dividing the time series data into data 
groups, putting into packets, and adding the reproduction 
specification time data to the data in the packets, and a 
rewrite section for rewriting the reproduction specification 
time data. When the reference time on the transmission bus 
changes, the rewrite section rewrites the reproduction speci- 
fication time data added to the data put into a packet before 
the reference time on the transmission bus changes. 



12 Claims, 27 Drawing Sheets 



U.S. Patent Oct. 14, 2003 Sheet 1 of 27 US 6,633,578 Bl 



FIG. 1 



HARD DISK 
DRIVE 



PERSONAL 
COMPUTER 



DIGITAL 
VIDEO TAPE 
RECORDER 



DIGITAL 
VIDEO CAMERA 





FIG. 2 




NODEB 




NODE D 


BRANCH 




BRANCH 


P P 




c p p 



c p 




c 


BRANCH 




LEAF 



U.S. Patent Oct. 14,2003 Sheet 2 of 27 US 6,633,578 Bl 



FIG. 3 



5 

p p 

-J1 |2 



3 

C p p 



FIG. 4 

CURRENT CYCLE 125ns , NEXT CYC LE 



Async 
TRANSFER 



CS: CYCLE START PACKET 
I1J2: ISOCHRONOUS PACKET 



U.S. Patent Oct. 14, 2003 Sheet 3 of 27 US 6,633,578 Bl 



cs 



FIG. 5 



J L 



FIG. 6 



cs 



"1 BUS 




HEADER 
CRC CIP HEADER 



• CHANNEL NUMBER 

• DATA SIZE 





HEADER 






DATA FIELD 





U.S. Patent Oct. 14, 2003 Sheet 4 of 27 US 6,633,578 Bl 



CD 

u: 



£ - 


CO 


1 






z 

u_ 


DBS 


u_ 

Q — 
LL. 


SID 


1— 
LL 


o 


o 


o 





U.S. Patent Oct. 14, 2003 Sheet 5 of 27 US 6,633,578 Bl 



FIG. 8 



ACKNOWLEDGE 
PACKET 




HEADER 
CRC 



• DESTINATION 

• SOURCE 

• DATA SIZE 



FIG. 9 



1 RECEIVER [ - 
13 | I/ 

H transmitter] - 



+ 




U.S. Patent Oct. 14, 2003 Sheet 6 of 27 



US 6,633,578 Bl 



FIG. 10 



FROM 

SOURCE MACHINE 



TIME STAMP 
TIMING 
fs/SYT INTERVAL 



REFERENCE 
SIGNAL (8KHz) 



BUS RESET 
SIGNAL 



FROM 

IEEE1394 BUS 15 



21 

1 

TRANSMISSION 
BUFFER 



» | LATCH CIRCUIT f - 



T 



CLOCK SIGNAL 
(24.576MHz) 



CONTROL SECTION 



TO IEEE1394 
BUS 15 



U.S. Patent Oct. 14,2003 Sheet 7 of 27 



US 6,633,578 Bl 




U.S. Patent Oct. 14, 2003 Sheet 8 of 27 US 6,633,578 Bl 



i 



i 
i 



raj 



...□I ^ 



Q 2 



CD ^ 

u: 



C\J cc 



CD 



as cd i 



12A 


12B 


CJ E„ 


FIG. 


FIG 


FIG. 

TRANS& 
SIDE 1 



^ CO < 



□ - 

o lu 
£c75 



U.S. Patent Oct. 14, 2003 Sheet 9 of 27 US 6,633,578 Bl 



FIG. 13 



NODE A 


FROM A TO B 


NODE B 


BUS 15 



CYCLE 
MASTER 
NODE 



NODEC 




NODED 


BUS 15 



CYCLE 
MASTER 
NODE 



CYCLE 
MASTER 
NODE 



NODE A 


FROM A TO B 


NODEB 




NODE C 




NODED 


BUS 15 


BUS 15 


BUS 15 



U.S. Patent Oct. 14, 2003 Sheet 10 of 27 



US 6,633,578 Bl 





h™ 




i 

' i 
i 




□ s 




r~ 


i 

i 
i 








! — 


i 










_J 

i 

i 










_._ 


i — i 

i 




Pi 


[ 






> r 

i 


° 


i -° i 








i 
i 


d| 










i 






en 


i 

i 






/ ISO \ 






i 
i 




























tr 

LU 


tr 

LU 




P 


2 

P 


BUS 


CYCLE 


CYCLE 



SI ^ E 

CD i CD 2 



91 



s s 

CD i 



i S 2 ^ ^ I: 

CD CD CD CD CD |i C 
LL LL lC Ll f w 



12a 



U.S. Patent Oct. 14, 2003 Sheet 11 of 27 US 6,633,578 Bl 



FIG. 15 



S151 — j TRANSMIT ISO PACKET 
S152 




S154 — | CALCULATE DIFFERENCE (SUB) | 



S155 

"~ PACKET 
^CALCULATED AT THE PRECEDING^ 
_CYCLE TIME?_ 

YES] 



S156-J SYT' = SYT-SUB I 
T 

S157 — | TRANSMIT ISO PACKET] 



NO 



U.S. Patent Oct. 14, 2003 Sheet 12 of 27 US 6,633,578 Bl 




U.S. Patent Oct. 14, 2003 Sheet 13 of 27 US 6,633,578 Bl 



FIG. 17 



CYCLE TIME: CT = X 



NODE A 


FROM A TO B 


NODEB 


BUS 15 



CYCLE 
MASTER 
NODE 



CYCLE TIME: CT = Y 



NODEC 




NODE D 


BUS 15 



CYCLE 
MASTER 
NODE 



CYCLE TIME: CT = Y 



CYCLE TIME: CT = Y 



NODE A 


FROM A TO B 


NODEB 




NODEC 




NODE D 


BUS 15 


BUS 15 


BUS 15 



CYCLE 
MASTER 
NODE 



BUFFER IN SYT 
EXTRACTION 
SECTION 36 



U.S. Patent Oct. 14, 2003 Sheet 14 of 27 US 6,633,578 Bl 



FIG. 18A 



FIG. 18B 



BUFFER IN SYT 
EXTRACTION 
SECTION 36 



CLEAR DATA 
IN BUFFER 



TO MATCH 
DETECTION CIRCUIT 34 



TO MATCH 
DETECTION CIRCUIT 34 



FIG. 19 




YESl 

S192- — I REWRITE CYCLE TIME REGISTER I 

— v — 

S193-H BUFFER CLEAR I 




U.S. Patent 



Oct. 14, 2003 



Sheet 15 of 27 



US 6,633,578 Bl 




CC CD 



U.S. Patent Oct. 14, 20«3 Sheet 16 of 27 US 6,633,578 Bl 



FIG. 21 A 



BUFFER IN SYT 
EXTRACTION 
SECTION 36 



I 

T 

X WRITE INTERRUPT 



AFTER THE BUFFER 
BECOMES EMPTY 
OF DATA STORED 
BEFORE BUS RESET, 
WRITE IS STARTED 



TO MATCH 
DETECTION CIRCUIT 34 



FIG. 21B 

I 

y6 



TO MATCH 
DETECTION CIRCUIT 34 



FIG. 22 




S222 — (Toad cycle time into register" 




S223 H INTERRUPT WRITE INTO BUFFER | 
S224 

BUFFER EMPTY?_ 



S225 — I LOAD CYCLE TIME INTO REGISTER 1 FROM REGISTER 2 I 

T 

S226--| START WRITE INTO BUFFER | 



U.S. Patent Oct. 14, 2003 Sheet 17 of 27 US 6,633,578 Bl 




3 



U.S. Patent Oct. 14, 2003 Sheet 18 of 27 US 6,633,578 Bl 



FIG. 24A 



FIG. 24B 




CLEAR SYT 
IN BUFFER 



TO MATCH 
DETECTION CIRCUIT 34 



TO MATCH 
DETECTION CIRCUIT 34 



FIG. 25 



( START ) 




S252 — ] CLEAR SYT BUFFER~] 



S253-- j READ ONLY REPRODUCTION DATA~~| 
S254 




S255 H READ REPRODUCTION DATA AND SYT~| 



U.S. Patent Oct. 14, 2003 Sheet 19 of 27 US 6,633,578 Bl 



FIG. 26 




DUMMY SYT 
GENERATION CIRCUIT 



yO 



x21 



x20 



SELECTION CIRCUIT | — 42 



GENERATE DUMMY x 20', and x 21 ' 



TO MATCH 
DETECTION CIRCUIT 34 



U.S. Patent Oct. 14, 2003 Sheet 20 of 27 US 6,633,578 Bl 



FIG. 27 

( START ) 

S271 

<^^RESET?>^ 
YESj 

S272 — | CHECK BUFFER StZE~| 



S273 — | CHANGE TO DUMMY SYT~l 





S274 

^> — DO 
DUMMY SYT AND CYCLE TIME 
^jmCW^~-~^ 


^ NO 








YEsT 




S275 — 


COUNT THE NUMBER OF TIMES 
A MATCH HAS BEEN FOUND 




S276 ^___JL__^ 






SYT COUNTER > BUFFER SIZE 


— NO 



YES r 

S277 — | CHANGE TO SYT | 



U.S. Patent Oct. 14, 2003 Sheet 21 of 27 US 6,633,578 Bl 



op 

ei 




U.S. Patent Oct. 14, 2003 Sheet 22 of 27 US 6,633,578 Bl 



FIG. 29 




DELETE AFTER 



BUS RESET 



FROM CYCLE TIME 



MATCH DETECTION 
CIRCUIT 



DUMMY Cref 
GENERATION CIRCUIT 



SELECTION CIRCUIT f ~ 44 



TO PLL CIRCUIT 37 



U.S. Patent Oct. 14, 2003 Sheet 23 of 27 US 6,633,578 Bl 



FIG. 30 



( START ) 




YES I 

S302^ — | CHECK BUFFER SIZE [ 
S303- ^ CHANGE TO DUMMY REF CLOCK | 

S304 — [COUNT DYUMMY REF CLOCK | 
S305 

REF CLOCK COUNTER > BUFFER S\ZE~ 



S306 — \ CHANGE TO REF CLOCK 



U.S. Patent Oct. 14, 2003 Sheet 24 of 27 US 6,633,578 Bl 



co 
CD 




U.S. Patent Oct. 14, 2003 Sheet 25 of 27 US 6,633,578 Bl 



CO 

CD 



U.S. Patent 



Oct. 14, 2003 Sheet 26 of 27 US 6,633,578 Bl 



FIG. 33A 



BUFFER IN SYT 
EXTRACTION 
SECTION 36 



TO MATCH 
DETECTION CIRCUIT 34 



FIG. 33B 



CALCULATE 
DIFFERENCE 
BETWEEN SYTS 



TO MATCH 
DETECTION CIRCUIT 34 



FIG. 34 




CALCULATE DIFFERENCE BETWE EN SYTS | 
S343 




S344 --| LOAD CYCLE TIME INTO REGISTER 2 FROM REGISTER 1 
^ 



U.S. Patent Oct. 14, 2003 Sheet 27 of 27 US 6,633,578 Bl 




US 6,633,578 Bl 

1 2 

TRANSMISSION INTERFACE UNIT IN on the transmission bus, at least the reference time of the 

TRANSMISSION SYSTEM home machine set before the reference time on the trans- 
mission bus changes and the reference time of the home 
machine set after the reference time on the transmission bus 

BACKGROUND OF THE INVENTION 5 changes are retained in the registers, when the reference time 

1. Field of the Invention on Emission bus changes, the cycle timer calculates 

a difference between the reference times retained in the 

This invention relates to a data transfer system for trans- registers and transmits the difference to the rewrite means, 

ferring time series digital data in a data packet at high speed. and the rewrite means rewrites the reproduction specifica- 

2. Description of the Related Art 10 tion time data based on the difference. 
IEEE1394-1995 standard is proposed as an interface In a fourth aspect of the invention, in the transmission 

standard for putting time series digital data of audio signals, interface unit as set forth in the second or third aspect of the 

video signals, etc., into a data packet and transferring the invention, the determination means and the rewrite means 

data packet at high speed between electric machines such as arc at the stage following the addition means, 

audio machines, video machines, computers, etc. is According to the first aspect of the invention, when the 

However, in a data transfer system based on the reference time on the transmission bus changes, the rewrite 

IEEE1394-1995 standard, it is conceivable that the data to means rewrites the reproduction specification time data 

be transmitted becomes past data from the reference time at generated before the reference time on the transmission bus 

the transmission time in a transmitter, for example, because changes. Thus, when the data to be transmitted onto the bus 

of change in the reference time in the system, a malfunction, 20 becomes past data from the reference time, the data can be 

etc., and in the party receiving the data, digital data cannot corrected to data based on the current time and the corrected 

be reproduced at proper timing from the later received data data can be transmitted. 

packet over a considerable period of time. According to the second aspect of the invention, the 

determination means determines whether the reproduction 

SUMMARY OF THE INVENTION 25 spec i ficat ion lime data is reproduction specification time 

It is therefore an object of the invention to provide a unit, data generated before or after the reference time on the 

when the data to be transmitted becomes past data from the transmission bus changes and can supply the reproduction 

reference time because of change in the reference time, a specification time data put into a packet before the reference 

malfunction, etc., the unit for correcting the data to data lime on the transmission bus changes to the rewrite means 

based on the current time and transmitting the corrected 30 based on the determination result. Thus, only the data which 

data. is to be transmitted onto the bus and is past data from the 

It is another object of the invention to provide a unit for reference time can be appropriately corrected to data based 

enabling a receiver to deal with data for which the problem 0,1 lhe current time alld the corrected data can be transmitted, 

cannot be solved in a transmitter. According to the third aspect of the invention, when the 

According to a first aspect of the invention, there is 35 reference time on ^ transmission bus changes, the cycle 

■ ■ • - timer calculates a difference between the reference times ol 



provided a transmission interface ,„...,., ,., ., 

system wherein time series data is divided into data groups the home machine retained in the registers and 

and a data packet comprising reproduction specification time difference to the rewrite means, and the rewnt . 

data specifying the time at which each data piece in the data .„ rewrite lhu reproduction specification time data based on the 
groups should be reproduced, added to the data groups is difference. Thus, only the data which is to be transmitted 
transmitted on a transmission bus in a time division manner, onto lhe bus and » P asl data from ,he reference time can b « 
the transmission interface unit comprising a cycle timer for appropriately corrected to data based on the current time and 
counting the reference time of the home machine based on lhe corrected data can be transmitted, 

the reference time on the transmission bus, generation 45 According to the fourth aspect ol the invention, the 
means for generating the reproduction specification time determination means and the rewrite means are at the stage 
data, and addition means for dividing the time series data following the addition means, thus making it possible to 
into data groups, putting into packets, and adding the cor rect the reproduction specification time data just before 
reproduction specification time data to the data in the the data is transmitted onto the transmission bus. 

packets, characterized by rewrite means for rewriting the 50 BRIEF DESCRIPTION OF THE DRAWINGS 

reproduction specification time data generated by the gen- ... , 
eration means when the reference time on the transmission In the , ^panying drawings: 

bus changes FIG ' 1 ls a drawln 8 to show electric machines connected 

. ' c . ■ ■ . ■ ■ by a high-speed serial data transfer interface; 

In a second aspect of the invention, the transmission _,_ ° ... , ., , , ... 

■ . c . c .i_ • »i_ n . . • .• rlG. 2 is a drawing to describe a root node determination 

interface unit as set forth in the first aspect of the invention 55 ... . ? , . , , . „ , 
further includes determination means for determining me,hod in t0 V° lo & m which nodeS At0 F are connected; 
whether the reproduction specification time data generated FIG - 3 1S a drawing to describe a procedure of giving node 

by the generation means is reproduction specification time 10 n °dcs, 

data generated before or after the reference time on the FIG 4 >* a drawing to show a packet composition in a 

transmission bus changes and supplying the reproduction 50 c y c ' e > 

specification time data generated before the reference time FIG. 5 is a drawing to show transfer of a cycle start packet 

n bus changes tc 



on the determination result. FIG. 6 is a drawing to show the si 

In a third aspect of the invention, in the transmission nous packet; 

interface unit as set forth in the first or second aspect of the 65 FIG. 7 is a drawing to show the format of a CIP header; 

invention, the cycle timer comprises at least two registers FIG. 8 is a drawing to show the structure of an asynchro- 

each for temporarily retaining a reference time transmitted nous packet; 
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FIG. 9 is a drawing to show i 
machines containing transmitte 
FIG. 10 is a block diagram t 



le of electric serial data transfer interface based on the ICEE1394-1995 
; standard, wherein a plurality of electric machines lj to 1 5 

are detachably connected using cables and connectors in a 
daisy chain manner and a branch manner. ITie electric 
machines 1, to l s refer to machines for inputting or output- 
ting digital data, such as digital video tape recorders, digital 
video disc players, personal computers, digital video 
cameras, hard disk drives, scanners, and printers. That is, the 
iransier, electric machines include not only personal computers and 

FIG. 13 is a conceptual drawing at the reference time 10 peripheral machines connected thereto, but also household 
change time; electric products for inputting or outputting digital data. 

FIGS. 14H to 14P are timing charts detailed drawing at If each of the electric machines l x to 1 5 is connected only 
the reference time change time; a t the termination of the daisy chain, it may comprise one 

FIG. 15 is a flowchart to show a first embodiment of the connector jack; a machine enabling the daisy chain manner 
^ comprises two connector jacks and a machine enabling the 



show the configuration of 

FIG. 11 is a block diagram to show the configuration of 
ihe receiver; 

FIGS. 12A to 12G is timing charts to describe data packet 



FIG. 16 is a block diagram to show the configuration of 
a transmitter in the first embodiment of the invention; 
FIG. 17 is a drawing to describe a problem involved in a 

FIGS. 18A and 18B are schematic drawings to show a 
second embodiment of the invention; 

FIG. 19 is a flowchart to show the second embodiment of 
the 



m of the second embodiment of 



FIG. 20 is a block i 
the invention; 

FIGS. 21A and 21B are schematic drawings 
third embodiment of the invention; 

FIG. 22 is a flowchart to show the third embodiment of the 
invention; 

FIG. 23 is a block diagram of the third embodiment of the 



FIGS. 24A and 246 are schematic drawings to show a 
fourth embodiment of the invention, 

FIG. 25 is a flowchart to show the fourth embodiment of 
the invention; 

FIG. 26 is a schematic drawing to show a first method of 
a fifth embodiment of the invention; 

FIG. 27 is a flowchart to show the first method of the fifth 
embodiment of the invention; 

FIG. 28 is a block diagram to show the first method of the 
fifth embodiment of the invention; 

FIG. 29 is a schematic drawing to show a second method 
of the fifth embodiment of the invention; 

FIG. 30 is a flowchart to show the second method of the 
fifth embodiment of the invention; 

FIG. 31 is a block diagram to show the second method of 
the fifth embodiment of the invention; 

FIG. 32 is a drawing to show clock period of reproduction 
reference clock signal in the second method of the fifth 
embodiment of the invention; 

FIGS. 33A and 33B are schematic drawings to show a 
sixth embodiment of the invention; 

FIG. 34 is a flowchart to show the sixth embodiment of 
the invention; and 

FIG. 35 is a block diagram of the sixth embodiment of the 



Referring now to the accompanying drawings, there are 
shown preferred embodiments of the invention. 

FIG. 1 shows a data transfer system incorporating the 
i. The data transfer system comprises a high-speed 



branch manner comprises three or more connector jacks. A 
connector plug connected to a connector jack is provided at 
cither end of each cable. A path provided by the cables for 
connecting the machines is a data transfer bus. 
1 Subsequently, a data transfer protocol of the IEEE1394- 
1995 standard will be discussed. In this protocol, electric 
machines are referred to as nodes, which are given node IDs 
for discriminating the electric machines from each other. 
The node is either a branch node or a leaf node. That is, the 
5 branch node is a node connected to two or more nodes and 
the leaf node is a termination node connected only to one 

In a state in which a number of nodes are connected, a bus 
reset signal is generated when power is turned on, when an 
,0 additional node is connected to the bus, or when any node 
is disconnected from the bus. After the bus is reset, a root 
node is determined among the nodes. 
First, a root node determination method will be discussed 
35 in detail. 

Each of the nodes connected on the bus determines which 
of branch and leaf nodes the home machine is, and detects 
topology of the nodes as information. 

The node which determines that the home machine is a 

40 leaf node sends a signal parent notify indicating a notifica- 
tion from a child node to a parent node to a branch node. The 
node which receives the signal parent notify returns a signal 
child notify indicating a notification from a parent node to a 
child node to the leaf node, whereby the parent-child rela- 

45 tionship between the nodes containing the leaf node is 
determined. After this, since neither the signal parent notify 
nor the signal child notify is transferred between branch 
nodes, the branch nodes recognize that a parent-child rela- 
tionship is not determined, and each sends a signal parent 

so notify lo the other. When each of the two branch nodes 
sending the signal to the other judges reception of the signal 
parent notify, the branch nodes set different times individu- 
ally. One branch node in which the setup time has elapsed 
first sends a signal parent notify to the other. Since the other 

55 receives the signal parent notify from one branch node 
before the expiration of the setup time, the parent-child 
relationship between the two branch nodes is determined. 
The parent node between two branch nodes with their 
parent-child relationship thus last determined becomes the 

For example, in topology in which nodes A to F are 
connected as shown in FIG. 2, the leaf nodes A, E, and F are 
first determined to be child nodes. A port of each of the leaf 
nodes A, E, and F corresponds to a child node as indicated 
> by c, and one port of the branch node B and two ports of the 

branch node D to which the leaf nodes are connected 
correspond to parent nodes as indicated by p. 
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Next, between the branch nodes C and D, the node C has 
two undetermined ports and thus the branch node D first 
sends parent notify to the branch node C, because the node 
which has one undetermined port shall first send parent 
notify. Therefore, at this point in time, the remaining one 
port of the branch node D corresponds to child node c and 
one port of the branch node C corresponds to parent node p. 

Between the nodes R and C, the above-described rela- 
tionship is also set, namely, the node B has one undeter- 
mined port and the node C does not have any determined 
port. However, the example assumes that the parent-child 
relationship between the nodes C and D is determined before 
the parent-child relationship between the nodes A and B is 
determined. 

Thus, last, between the branch nodes B and C, both the 
nodes have one undetermined port and each sends parent 
notify to the other. At this time, as described above, when 
each of the two branch nodes sending the signal to the other 
judges reception of parent notify, the branch nodes set 
different times individually. In the example, the branch node 
C, which first reaches the setup time, again sends parent 
notify to the branch node B. Since the branch node B 
receives parent notify from one branch node before the 
expiration of the setup time, the parent-child relationship 
between the two branch nodes is determined. That is, the 
other port of the branch node C corresponds to child node c 
and the port of the branch node B corresponds to parent node 
p. The node B which becomes the parent node between the 
two branch nodes with their parent-child relationship thus 
last determined becomes the root node. 

Next, a method of giving node IDs to nodes will be 
discussed in detail 

First, the root node sends a signal for giving a nude !!) io 
each node. In this process, the node IDs starting at the lowest 
number (node number 0) are set starting at a leaf node at the 
termination in the port number order of the ports to which 
child nodes arc connected. The root node is assigned the 
node ID of the highest node number. 

For example, in the topology in FIG. 2, node IDs are given 
as shown in FIG. 3. The node ID giving method is as 
follows: First, the node B, which is the root node, sends a 
signal grant for giving a node ID number to the node A 
connected to the port assigned the lowest port number in the 
machine of the node B. In FIG. 3, the numbers indicated near 
the bus connection terminals are port numbers. After receiv- 
ing the signal grant, the node A, which is a leaf node, is 
assigned the node ID number, then returns an acknowledge 
signal indicating that the number is assigned to the parent 
node. After this, the node A sends the node ID number of the 
home machine (ID=0) to all nodes. 

Upon reception of the ID number, every node increments 
a node counter of the home machine (ID counter=0). 

Next, the root node B sends a signal grant for giving a 
node ID number to the node C connected to the port assigned 
the second lowest port number in the machine of the node B. 
The node C, which is not a leaf node, sends a signal grant 
for giving node ID number to the node D connected to the 
port assigned the lowest port number in the machine of the 
node C. The node D, which is not a leaf node either, sends 
a signal grant for giving node ID number to the node F 
connected to the port assigned the lowest port number in the 
machine of the node D. After receiving the grant signal, the 
node F, which is a leaf node, is assigned the node ID number, 
then returns an acknowledge signal indicating that the 

number is assigned to the parent node D. After this, the node 65 number. DBS is the 
F sends the node ID number of the home machine (ID-1) to block). FN, QPC, and SPH 



Upon reception of the ID number, every node in 
the node counter of the home machine (ID counter»f). 

Next, the node D sends a signal grant for giving node ID 
number to the node H connected to the port assigned the 
second lowest port number in the machine of the node D. 
Hereinafter, the node ID numbers of the machines will be 
given in the above-described order, as in FIG. 3. 

Upon completion of giving the node IDs, a bus manager 
and an isochronous resource manager are selected from 
among nodes; the bus manager performs power control and 
topology mapping and speed mapping management and the 
isochronous resource manager performs isochronous band 
control and isochronous channel control. This topic will not 



Isochronous transfer and asynchronous transfer are 
executed as data transfer. The isochronous transfer is 
executed for transferring synchronous data which needs to 
be transmitted periodically and the asynchronous transfer is 
executed for transferring asynchronous data. One cycle of 
data transfer is 125 fisec; in each cycle, a cycle start packet 
CS, isochronous packets I, and I 2 , and an asynchronous 
packet (Async transfer) are positioned in order as shown in 
FIG. 4. The cycle start packet CS is transferred from a cycle 
2J master node (for example, the root node) to all nodes and 
indicates the start of the data transfer cycle. 

Assuming that five nodes A to E are connected to a bus 
based on the IEEE1394-1995 standard, for example, as 
shown in FIG. 5, each of the nodes A-E comprises a cycle 
30 timer for counting at a frequency of 24.576 MHz and 
providing a time value, and transmits or receives data at the 
count timing of the cycle timer. If the node E is the cycle 
master node, it sends a cycle start packet OS onto the bus for 
supplying the cycle start packet CS to the nodes A to D every 
3 5 1 25 pis. The cycle start packet CS indicates the time value of 
the cycle timer of the node E and each of the nodes A-D 
receives the cycle start packet CS and then makes the time 
value of the cycle timer of the node equal to the time value 
of the cycle timer of the node E indicated in the received 
40 cycle start packet CS (reference time), whereby the data 
transmission/reception operation timings of all nodes A to E 
connected to the same bus are synchronized. 

Ifie isochronous packet is an isochronous transfer packet 
and the units of isochronous packets transferred in one 
45 isochronous packet cycle are called channels. In FIG. 4, the 
packets 1^ an I 2 of two channels are shown; the number of 
packets is set for each cycle and packets of channels are time 
division multiplexed. A node for transferring data in isoch- 
ronous packets can send a data packet once every f 25 fts if 
50 it previously executes a reservation procedure and gets a 
channel. Specifically, as shown in FIG. 6, the isochronous 
packet consists of arbitration and a data packet. The arbi- 
tration is data for asking the root node for the bus use right 
and getting use permission before data transfer. If any node 
55 gets use permission, immediately the root node supplies a 
signal indicating the fact to each node. If user permission is 
gotten, the data packet following the arbitration is sent. It has 
a header, header CRC, a CIP header, a data field, and data 
CRC in time sequence. The header contains a channel 
go number indicating the type of data transferred in the isoch- 
ronous packet, a data size indicating the time length of the 
data, etc., as information. The channel numbers are 0 to 63. 

The format of the CIP header is as shown in FIG. 7. It will 
be discussed briefly. SID is a field for giving a transmitter ID 
te sample data piece (data 
fields required for sending 
video data such as MPEG data, for example. FN is a numeric 
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value indicating how many data blocks a source packet is 
divided into to convert the source packet into IEEE1394 
packet, QPC is a value indicating the number of dummy 
quadrats added to set the size of the source packet to a DBS 
multiple (one quadrate is four bytes), and SPH is a field for 
giving one to the data packet containing a source packet 
header. Rsv is a reserved field and DBC is a field for giving 
consecutive number of sample data. The DBC indicated in 
the CIP header is the number of the first sample data in data 

Next, FMT is a format ID and is a field given in response 
to a data protocol; for example, for A&M (Audio/Music) 
protocol, A&M protocol format information is given. FDF is 
a field pursuant to the FMT; for example, for the A&M 
(Audio/Music) protocol, the sampling frequency of each 
data, etc., is given. 

SYT indicates the demodulating lime of the packet data in 
the receiving party and is time stamp data (reproduction 
specification time data). This reproduction specification time 
data SYT is made up of the low-order 16 bits of the CIP 
header. The high-order four bits of the low-order 16 bits are 
called a cycle count for counting every Iso cycle (125 jus) 
and the low-order 12 bits are called a cycle offset for 
counting at a clock of 24.576 MHz. 

The asynchronous packet is a packet for transferring data 
with a transfer destination specified. The transfer destination 
is a specific node or all nodes on the bus. Specifically, as 
shown in FIG. 8, the asynchronous packet consists of 
arbitration, a data packet, and an acknowledge packet. The 
arbitration is data for asking the root node for the bus use 
right and getting use permission before data transfer. The 
data packet has a header, header CRC, a data field, and data 
CRC in time sequence. The header contains the node ID of 
the destination of the data transferred in the asynchronous 
packet, the node ID of the source, a data size indicating the 
time length of the data, etc., as information. The acknowl- 
edge packet is a packet returned to the source node by the 
destination node which receives the data transferred in the 
asynchronous packet and acknowledges the data reception. 

Next, an audio data transfer method in an isochronous 
packet will be discussed. As shown schematically in FIG. 9, 
assume that audio data DATA of time series digital data with 
sampling frequency fs, for example, 44.1 kHz is supplied 
from a transmitter 11 in one electric machine 9 to a receiver 
12 in another electric machine 10 via a bus 15 based on the 
IEEE1394-1995 standard. The electric machine 9 contains a 
receiver 13 similar to the receiver 12 and the electric 
machine 10 contains a transmitter 14 similar to the trans- 
mitter 11. 

In the transmitter 11 (14), as shown in FIG. 10, sample 
data of digital data is stored in a transmission buffer 21 in 
sequence. The stored data is put into a data packet by an 
MUX (multiplexer) 22, then output to the bus 15. 

On the other hand, a 24.576-MHz clock signal is supplied 
to a cycle timer 23 made of a register and an 8-kHz reference 
signal (signal on which the reference time is based) is also 
supplied from the cycle master node to the cycle timer 23. 
All nodes set the time based on the reference time. 

FIG. 10 shows the configuration of any node other than 
the cycle master node; in the cycle master node, the refer- 
ence time is generated according to the clock of the home 
machine and thus the 8-kHz reference signal is not supplied 
to the cycle master node. 

The cycle timer 23 counts the clock signal from the value 
indicated by the reference signal and supplies the count to a 
latch circuit 24 as a time value. A time stamp timing signal 
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fs/SYT INTERVAL is supplied to the latch circuit 24 peri- 
odically. It is a signal generated by means (not shown) and 
indicating the timing for adding a time stamp, namely, time 
information to sample data (data block) and is a frequency 
5 found by sampling frequency fs/sample interval SYT 
INTERVAL. 

The sample interval SY T INTERVAL is a sample interval 
at which a time stamp (SYT) is added to the sample data; for 
example, it is eight. Therefore, the latch circuit 24 retains the 

10 time value of the cycle timer 23 when the time stamp timing 
signal fs/SYT INTERVAL is supplied. Transfer delay time 
T u described later is added to the retained time value and the 
result is supplied to the MUX 22 and is added to sample data 
at the sample interval SYT INTERVAL at conversion to a 

is packet. Ilius, the sample data having the time value every 
sample interval SYT INTERVAL is sent to the bus 15 as a 
data packet. An adder for adding the transfer delay time T D 
to output of the latch circuit 24 is provided although it is not 
shown. 

20 The transmission buffer 21, the MUX 22, the cycle timer 
23, and the latch circuit 24 are controlled by a control section 
25. 

The control section 25 receives a bus reset signal sent on 
the bus and then sends a predetermined control signal 

25 described later to each circuit. 

In the receiver 12 (13), as shown in FIG. 11, a data packet 
from the bus 15 is supplied to a cycle start packet extraction 
section 31 and a data packet extraction section 32 for an 

w isochronous packet. From the data packet transferred via the 
bus 15, the cycle start packet extraction section 31 extracts 
a cycle start packet CS and the data packet extraction section 
32 extracts an isochronous packet. The extracted cycle start 
packet CS is supplied to a cycle timer 33 and the time value 

^ indicated in the cycle start packet CS is set in the cycle timer 
33, which then counts the 24.576-MHz clock signal from the 
setup lime value and outputs the count to a match detection 
circuit 34 as cycle time (reference time) Tc. 

On the other hand, the isochronous packet extracted by 

40 the data packet extraction section 32 is stored in a reception 
buffer 35 and the SYT contained in the CIP header in the 
isochronous packet is extracted by an SYT extraction sec- 
tion 36 and is output to the match detection circuit 34, which 
(hen compares the cycle time Tc supplied from the cycle 

45 timer 33 with the SYT supplied from the SYT extraction 
section 36. When the time values match, the match detection 
circuit 34 outputs a reproduction reference clock signal 
C/ur/7 to a PLL circuit 37, which then generates a reproduc- 
tion sampling clock signal fs in phase synchronization with 

50 the reproduction reference clock signal Cj^p and supplies 
the reproduction sampling clock signal fs to the reception 
buffer 35 and a D/A converter 38. The reception buffer 35 
separates sample data in the stored data packet in sample 
data units in synchronization with the reproduction sampling 

55 clock signal fs and outputs. The D/A converter 38 converts 
the sample data output from the reception buffer 35 into an 
analog audio signal in synchronization with the reproduction 
sampling clock signal fs. 

A control section 39 is provided for controlling the 

60 circuits in batch. 

A bus reset signal transmitted on the bus is received at the 
control section 39. 

The data packet transfer method will be furthermore 
discussed. If the cycle time on the bus 15 is 5, 6, 7 . . . (FIG. 

65 12A, cycle timer) and a time stamp timing signal fs/SYT 
INTERVAL is generated like a signal waveform shown in 
FIG. 12C in the transmitter 11 (14), the time values Tl, T2, 
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T3, ... on the rising edges of the time stamp timing signal 
fs/SYT INTERVAL correspond to sample data a, b, c ... at 
the point in time. 

That is, as shown in FIG. 12D, the sample data string is 
put into a packet, for example, in eight sample units (only 5 
sample data string a is shown) every 125 /isec (FIG. 12E) 
and the time value Tl, T2, '13, ... of the sample data 
positioned on the rising edge of the time stamp timing signal 
fs/SYT INTERVAL in the sample data string is added to the 
CIP header as SYT. The sample data interval at which the M 
time value is added becomes the sample interval SYT 
INTERVAL (in the example in FIGS. 12A to 12G, 8). The 
time value Tl, T2, T3, ... is data indicating the reproduction 
output time in the receiving party of the corresponding 
sample data and the transfer delay time T c is added to the is 
current time value of the cycle time of the transmitter as 
described above. 

After this, in the next cycle to the 125-^sec cycle in which 
conversion to a packet is executed, the data packet is sent 
onto the bus, as shown in FIG. 12E. 20 

In the receiver 12 (13), the isochronous packet [SO sent 
from the transmitter 11 (14) is extracted, then is stored in the 
reception buffer 35. 

For example, when the time value of the cycle timer 
shown in FIG. 12A becomes cycle lime-9, in the receiving 25 
party, the sample data a is output from the reception buffer 
35, as shown in FIG. 12G, in synchronization with the 
reproduction sampling clock signal fs. When the time value 
of the cycle timer 33 of the receiver 12 becomes cycle 
time-11, the sample data b is output from the reception ' 
buffer 35 in synchronization with the reproduction sampling 
clock signal fs. Such operation is repeated as long as the 
reproduction reference clock signal C. RFF is provided, so that 
data transfer is enabled. j5 

Thus, in the receiving party, the transferred data is stored 
in the buffer and when the SY T (reproduction specification 
time data) of the reception data matches the time value Tc 
(reference time) output from the cycle timer in the receiving 
party, the data is processed. 

However, for example, if a new bus is connected to the 
bus on which isochronous transfer is executed, bus reset 
occurs, and at the time, there is a possibility that a machine 
on the new connected bus will become the cycle master node 
and the cycle time in the former transmission channel will 45 
change. At this time, there is a possibility that the transmitter 
in the transmission channel where the reference time on the 
transmission bus changes will transmit a packet containing 
SYT calculated with the reference time before the bus reset. 
In the node receiving the packet, at the worst, the SYT 50 
(reproduction specification time data) of the reception data 
may not match the time value Tc output from the cycle timer 
in the receiving party or it may take much time until they 
match; for example, there is a possibility that the buffer in 
the receiving party will overflow, making it impossible to 55 
perform normal reception data processing. 

Specifically, the following case is possible: 

As shown in FIG. 13, there are a transmission channel 
where node A (cycle master node) and node B are connected 
by bus 15 and the cycle time on the bus 15 is cycle time 1 60 
and a transmission channel where node C (cycle master 
node) and node D are connected by bus 15 and the cycle time 
on the bus 15 is cycle time 2 and, for example, the node A 
transmits data and the node B receives the data. 

Assume that in this state, the nodes B and C are connected 65 
by bus 15 to place the nodes A to D in one transmission 
channel and the node C becomes the cycle master node. 



FIGS. 14H to 14P are charts to show the example in detail. 

In the figure, FIGS. 14H to 14N represent the transmitter 
state and are as follows: 

FIG. 14H means a bus reset signal generated when a bus 
is connected or disconnected. 

In the state in the figure, a bus is connected or discon- 
nected when the low-to-high transition of the bus reset 
signal is made. 

FIG. 141 means cycle time in the transmission channel 
before bus reset. In the embodiment, one Iso cycle is 125 /is. 

It is the same as FIG. 12A. 

FIG. 14J means cycle time in the transmission channel 
after bus reset. In the embodiment, one Iso cycle is 125 /us. 

FIG. 14K denotes the generation timing of reproduction 
specification time data SYT. 

FIG. 14L is the same as fs/SYT INTERVAL in FIG. 12C. 

FIG. 14M is the same as the sample data in FIG. 12D. 

FIG. 14N is the same as data in data packet in FIG. 12E. 

FIGS. 140 and 14P represent the receiver state as follows: 

FIG. 140 is the same as fs/SYT INTERVAL in FIG. 12F. 

FIG. 14P is the same as the sample data in FIG. 12G. 

For example, assume that at least two nodes transmit and 
receive data at cycle time 1. In FIGS. 14H to 14P, the cycle 
lime in the receiver is incremented by one every 125 fis 
based on the reference lime sent from the cycle master node 
and the connected nodes set the reference time as cycle time 
1-5, 6, 7 . . . 

At this time, reproduction specification time data SYT is 
generated at the timing (k) and thus is added to audio data 
al the timing (k). In the embodiment, the transfer delay time 
7 D added to the reproduction specification time data SYT is 
set to 4. Thus, for example, the time 

SYT ~ current cycle lime + transfer delay time (1 ) 



is added to sample data a. The time 

SYT = current cycle time+ transfer delay tin 



is added to sample data b. 

Likewise, the SYT is added to each sample data. 

The data is put into a packet according to the predeter- 
mined procedure previously described with reference to 
FIG. 10 and is sent onto the bus 15. 

The receiving node receives the data in the data packet 
and demodulates the data in the data packet according to the 
predetermined procedure previously described with refer- 
ence to FIG. 11. 

For example, the sample data shown in FIGS. 14H to 14P 
is demodulated when the cycle timer is 9. 

A case will be discussed wherein bus reset occurs on the 
transmission bus 15 because a new machine is connected in 
a state in which data is thus transmitted and received and the 
new machine becomes the cycle master node. 
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bus reset occurs on tt 
machine becomes the cycle 
At this time, the cycle ma 
has cycle time 2-3, 4, 5 . . 
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ne that when the cycle l 



is 9, 

bus 15 and a new 

r node of the new machine 
thus the nodes wherein the 
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et signal, the control section 25 
3ntrol signal to the cycle timer 



reference time based on cycle time 2. 

Therefore, audio data d after the bus reset has SYT 
generated based on a new cycle time. Thus, the time 



is added to the audio data d. 

At this time, SYT-13 is added to audio data c already put 
into a packet before the bus reset, thus the node receiving the 
data requires considerable time until the data is demodu- 2 
lated. 

Thus, in such a case, in the transmitter, a correction may 
be made to the reproduction specification time data (SYT) 
by the following method for transmitting the resultant data: 

First Embodiment: Transmitter 

FIG. 15 is a flowchart to show the transmitter state for 
showing one technique for the transmitter to deal with the 
above-described problem. 

FIG. 16 is a block diagram provided by extracting the 
portion related to the technique from the block diagram of 
FIG. 10. Circuit parts identical with those previously 
described with reference to FIG. 10 are denoted by the same 
reference numerals in FIG. 16 and will not be discussed , 
again. FIG. 16 also shows the state of the transmitter of any 
other node than the cycle master node. 

In the embodiment, the transmitter shown in FIG. 10 
further includes a determination circuit 26 and an SYT 
rewrite circuit 27, and a cycle timer 23 comprises two £ 
registers each for retaining a cycle time. 

The determination circuit 26 is a circuit for determining 
whether data transmitted from an MUX 22 is data received 
before or after bus reset. 

The SYT rewrite circuit 27 is a circuit for rewriting the ' 
SYT of data transmitted from the determination circuit 26 
based on a difference (SUB) output from the cycle timer 23. 

A specific method concerning the first embodiment of the 
invention will be discussed with reference to FIGS. 14 to 16. 

For example, assuming that at least two nodes transmit 
and receive data at cycle time 1 as described above, cycle 
time 1=5, 6, 7 ... is transmitted from a cycle master node 
and the nodes connected to the cycle master node set the 
reference time. At the time, the cycle timer 23 retains cycle , 
time 1 as the reference time, for example, in a register 1 in 
the cycle timer 23, counts clock signal from the value 
indicated in the cycle time 1, and supplies the count to a 
latch circuit 24 as the time value. 

The node to transmit data onto a transmission bus 15 ( 
generates a predetermined SYT in the latch circuit 24, adds 
the SYT to the data in the MUX 22, and transmits Iso packet 
onto the transmission bus 15 at step S151. 

In this state, if bus reset occurs on the transmission bus 15 
at step S152, a control section 25 receives a bus reset signal. ( 

If bus reset does not occur, Iso packet transmission and 
reception are repeated as usual (N at step S152). 



After receiving the r< 
transmits a predetermined o 
23 and the determination circuit 26. 

After receiving the control signal, the cycle timer 23 
retains cycle time 2 received after the bus reset, for example, 
in a register 2. The cycle timer 23 checks whether or not the 
cycle times in the registers 1 and 2 change at step S153. If 
they do not change (N at step S153), the cycle timer 23 
performs normal processing according to the value of the 
cycle time retained in the register 1. On the other hand, if the 
cycle times in the registers 1 and 2 change (Y at step S153), 
the cycle timer 23 calculates the difference (SUB) between 
the cycle time value retained in the register 1 and that 
retained in the register 2 as 



I Mica 



c (SUB)=r 



00 

at step S154, and outputs the difference (SUB) to the SYT 
rewrite circuit 27. After bus reset occurs, the cycle timer 23 
counts clock signal from the value indicated in the cycle 
time 2 based on the cycle time 2 and supplies the count to 
the latch circuit 24 as the time value. 

For example, as shown in FIGS. 14H to 14P, the cycle 
lime becomes cycle time 2 and the cycle timer 23 sets the 
reference time at cycle lime 2-3, 4, 5 . . . 

After receiving the control signal, the determination cir- 
cuit 26 determines whether the data supplied from the MUX 
22 is a value at cycle timc=l or a value at cycle timc-2 at 
step S155, for example, by any of the following methods: (I) 
in a transmission buffer 21 or the cycle timer 23, when data 
after bus reset is stored in the buffer, a flag is assigned to the 
data and the determination circuit 26 determines whether the 
data is a value at cycle lime-1 or a value at cycle time-2 
according to the flag; (II) the buffer size in the transmission 
buffer 21 or the cycle timer 23 at the bus reset time is 
detected and the determination circuit 26 compares the size 
of the supplied data, thereby determining whether the data is 
a value at cycle time-1 or a value at cycle time-2; or (III) 
the determination circuit 26 receives the current cycle time 
from the cycle timer 23 or the control section 25 and 
compares the value resulting from adding transfer delay time 
to the cycle time with the SYT added to data sent from the 
MUX 22, and if the time values do not match, determines 
that the data is data received before bus reset. 

For example, in the method (III), taking the example in 
FIGS. 14H to 14P, SYT-13 is added to sample data c put 
into a packet and 13 is compared with 8 (cycle time-4 of the 
current cycle time plus transfer delay lime 4) and if the time 
values do not match, the data is sent to the SYT rewrite 
circuit 27. 

The determination circuit 26 sends the data at a new cycle 
time after bus reset intact onto the transmission bus 15 (N at 
step S155) and sends the data received before bus reset to the 
SYT rewrite circuit 27. 

The SYT rewrite circuit 27 receives the difference (SUB) 
from the cycle timer 23 and receives data received before 
bus reset from the determination circuit 26, then generates a 
new SYT as 



SYT'-SYT-di 



M (SUB) 



(5) 



at step S156 and replaces the SYT of the data with the SYT'. 

After this, the SYT rewrite circuit 27 sends the data onto 
the transmission bus 15 at step S157. 

After step S157, again the determination circuit 26 deter- 
mines whether the packet transmitted from the MUX 22 is 
data before or after bus reset at step S155. If the packet is 
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14 



i also be changed to a dala deletion circuit for deleting 25 cycle time CT=X before bus reset, SYTs of x20 and x21 



data before bus reset, again steps S156 and later are 
executed; if the packet is data after bus reset, control returns 
to step S151 and normal transmission is executed. 

The control section 25 can also check whether or not the 
cycle times in the registers change at step S153. < 

Thus, in the first embodiment, after bus reset occurs, in 
the transmitting node, SYT of data not yet transmitted 
among data to which SYT is added at the cycle time before 
the bus reset is rewritten based on a new cycle time value, 
so that the time lag problem occurring in the receiving node } 
can be circumvented. 

Since it is preferred to make correction in the first 
embodiment just before data is sent onto the transmission 
bus, it is most suitable to place the determination circuit 26 
and the SYT rewrite circuit 27 at the stage following the , 
MUX circuit 22 as shown in FIG. 16, but may be placed 
anywhere if they are at the stage following the latch circuit 
24. That is, after the reproduction specification time data 
(SYT) is generated, whether the data is data before or after 
the reference time changes is determined and a correction 2 
may be made in the SYT rewrite circuit 27. 

The first embodiment makes it possible to completely 
prevent information from being lost. However, if a part of 
information may be lost, the SYT rewrite circuit 27 in 
16 c 

data containing a time lag. In this case, the difference (SUB) 
is not required and the cycle timer 23 may have at least one 
register; the circuitry can be simplified. 

Next, embodiments for a receiver to deal with the problem 
of the invention will be discussed. 3 

First, the receiver state in the bus connection state previ- 
ously described with reference to FIG. 13 will be discussed 
with reference to FIG. 17. 

As shown in FIG. 17, bus 15 connecting a l least two nodes 
transmitting and receiving data at cycle time CT-X and bus 3 
15 connecting at least two nodes transmitting and receiving 
data at cycle time CT-Y arc connected and the cycle time on 
the resultant bus 15 becomes CT-Y. 

At this time, SYTs at cycle time CT=X (x20 and x21) and 
SYTs at cycle time CT=Y (yO, yl, and y2) are mixed in a A 
buffer in an SYT extraction section 36 of the receiving node 
operating at CT-X. 

For example, if the SYTs (x20 and x21) are earlier data 
than at CT=Y, the cycle time reference time after the bus 
reset, the SYT (reproduction specification time data) of the 4 
data does not match the cycle time Tc (reference time) in the 
receiving party for hours and the buffer overflows, making 
it impossible to perform normal reception data processing. 

At the time, it is possible to take any of the following five 
recovery means in the receiving party: s 

(1) After the bus reset, the reception data and the SYT of 
the data stored in the buffer in the receiving party 
before the bus reset are all deleted, and data after the 
bus reset is processed as usual; 

(2) after the bus reset, data transmission to the buffer is 5 
interrupted until the data stored in the buffer in the 
receiving party before the bus reset is processed, and 
after the data stored before the bus reset has been 
processed, processing of the data having SYT infor- 
mation after the bus reset is started; < 

(3) after the bus reset, only SYTs stored in the buffer iu the 
receiving party are all deleted, the data stored just 
before the bus reset is processed according to the 
reproduction sampling clock fs generated based on the 
reproduction reference clock signal generated before < 
the bus reset, and data after the bus reset is processed 



(4) after the bus reset, the data stored before the bus reset 
is processed using dummy SYT or a dummy reproduc- 
tion reference clock signal and after the data stored 
before the bus reset has been all processed, usual 
processing is performed using SYT or a reproduction 
reference clock signal after the bus reset; or 

(5) after the bus reset, the data stored before the bus reset 
is processed using the cycle time set before the bus 
reset and after the data stored before the bus reset has 
been all processed, usual processing is performed using 
cycle time set after the bus reset. 

Specific methods of (1) to (5) described above will be 
discussed with reference to the accompanying drawings as 
second to sixth embodiments: 

Second Embodiment: Receiver 
FIGS. 18A and 18B are drawings to schematically show 
the method of (1) described above. 

FIG. 18A shows the state of a buffer in an SYT extraction 
section 36 just after bus reset in a receiving party operating 
at cycle time CT=X and FIG. 18B shows the buffer state 
after the method (1) is executed. 
That is, since transmission and reception are executed at 



stored in the buffer in the SYT extraction section 36 (FIG. 
18A). 

After this, when bus reset occurs and the cycle time on the 
bus becomes (T-Y, all SYTs stored in the buffer in the SYT 
extraction section 36 are deleted. The data in a reception 
buffer 35 in the packet containing the SYT is also deleted. 

After the bus reset, SYTs at cycle time CT-Y are stored 
in the buffer in the SYT extraction section 36 as yO, yl, 
y2 . . . (FIG. 18B). 

Thus, in the second embodiment, after the bus reset, the 
reception data and the SYT of the data stored in the buffers 
in the receiving party before the bus reset are all deleted. 

FIG. 19 is a flowchart to show the receiver state described 
above. FIG. 20 is a block diagram provided by extracting the 
portion related to the second embodiment from the block 
diagram of FIG. 11. Circuit parts identical with those 
previously described with reference to FIG. 11 are denoted 
by the same reference numerals in FIG. 20 and will not be 
discussed again. 

The specific method of the second embodiment will be 
discussed with reference to FIGS. 19 and 20. 

First, in a stale in which data is transmitted and received 
on a bus 15 by at least two nodes, a cycle start packet 
extraction section 31 extracts a data packet from the bus 15 
and supplies extracted cycle start packet CS to a cycle timer 
33, which then sets the lime value indicated in the cycle start 
packet CS in a register (not shown). 

On the other hand, a data packet extraction section 32 
extracts an isochronous packet on the bus 15 and feeds data 
in the packet into the reception buffer 35. The SYT extrac- 
tion section 36 extracts SY T contained in a CIP header in the 
isochronous packet. 

After this, data demodulation processing is performed in 
predetermined dala reception processing previously 
described with reference to FIG. 11. 

If bus reset occurs at step S191 because of connection of 
a new machine or disconnection of an existing machine 
while data is being transferred, a control section 39 receives 
a bus reset signal. After this, the cycle timer 33 receives a 
new cycle start packet CS at step S192. The cycle timer 33 
receiving the cycle start packet CS is set to the time value 
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indicated in the cycle start packet CS, then counts 24.576- 
MHz clock signal from the setup time value and outputs the 
count to a match detection circuit 34 as cycle time (reference 

The control section 39 transmits a control signal to the 
reception buffer 35 and the SYT extraction section 36 so as 
to clear the data in the buffers. 

Upon reception of the control signal, the reception buffer 

35 and the SYT extraction section 36 clear all the data in the 
buffers at step S193. 

After step S193, usual operation is repeated until bus reset 

That is, the match detection circuit 34 compares the cycle 
time Tc supplied from the cycle timer 33 with a new SYT 
supplied from the SYT extraction section 36. If the time 
values match, the match detection circuit 34 outputs a 
reproduction reference clock signal C^p. The subsequent 
steps are executed as described above. 

If bus reset does not occur at step S191, usual operation 
is also repeated until bus reset occurs. 

Thus, in the second embodiment, when bus reset occurs, 
the data in the reception buffer 35 and the buffer in the SYT 
extraction section 36 are all cleared and processing of data 
after the bus reset is started as usual. Therefore, even if the 
time information before the bus reset differs from that after 
the bus reset, normal processing is performed. 

In the second embodiment, the data corresponding to SYT 
(x20, x21) shown in FIG. 18A is lost, but data demodulation 
is restarted in the simple configuration. 

Third Embodiment: Receiver 

FIGS. 21A and 21B are drawings to schematically show 
the method of (2) described above. 

The buffer state in an SYT extraction section 36 in FIGS. 
21Aand 21B is the same as that in the second embodiment. 
FIG. 21A shows the state of a buffer in the SYT extraction 
section 36 just after bus reset in a receiving party operating 
at cycle time CT=X and FIG. 21B shows the buffer state 
after the method (2) is executed. 

That is, since transmission and reception are executed at 
cycle time CT=X before bus reset, SYTs of x20 and x21 are 
stored in the buffer in the SYT extraction section 36 (FIG. 
21A). 

After this, when bus reset occurs and the cycle time on the 
bus becomes CT=Y, the SYT extraction section 36 interrupts 
input of new SYT. After all the data stored in the SYT 
extraction section 36 before the bus reset has been 
processed, the SYT extraction section 36 restarts input of 
new SYT. 

After input of new SYT is restarted, SYTs at cycle time 
CT=Y are stored in the buffer in the SYT extraction section 

36 as y2, y3, y4, y5 . . . (FIG. 21B). 

Thus, in the third embodiment, after the bus reset, data 
feeding into the buffer is interrupted until the data stored in 
the buffer in the receiving party before the bus reset is 
processed, and after the data stored before the bus reset has 
been processed, feeding of the data having SYT information 
after the bus reset is started. 

FIG. 22 is a flowchart to show the receiver state described 
above. FIG. 23 is a block diagram provided by extracting the 
portion related to the second embodiment from the block 
diagram of FIG. 11. Circuit parts identical with those 
previously described with reference to FIG. 11 are denoted 
by the same reference numerals in FIG. 23 and will not be 



In the embodiment, a cycle timer 33 has two registers for 
temporarily retaining data. 

The specific method of the third embodiment will be 
discussed with reference to FIGS. 22 and 23. 

First, in a stale in which data is transmitted and received 
on a bus 15 by at least two nodes, a cycle start packet 
extraction section 31 extracts a data packet from the bus 15 
and supplies extracted cycle start packet CS to the cycle 
timer 33, which then sets the time value indicated in the 
j cycle start packet CS in a register 1, for example. 

On the other hand, a data packet extraction section 32 
extracts an isochronous packet on the bus 15 and feeds data 
in the packet into a reception buffer 35. The SYT extraction 
section 36 extracts SYT contained in a CIP header in the 
; isochronous packet. 

After this, data demodulation processing is performed in 
data reception processing described above. 

If bus reset occurs at step S221 because of connection of 
a new machine or disconnection of an existing machine 
j while data is being transferred, a control section 39 receives 
a bus reset signal. After this, the control section 39 sends a 
control signal to the cycle timer 33 for instructing the cycle 
timer 33 to store a new cycle time in another register. Upon 
reception of the control signal, the cycle timer 33 writes a 
5 new cycle time into a second register 2, for example, at step 
S222. 

At this time, the cycle timer 33 generates the cycle time 
of the home machine based on the cycle time stored in the 
register 1 and continues to supply the cycle lime to a match 
3 detection circuit 34. 

On the other hand, the control section 39 transmits a 
control signal to the reception buffer 35 and the SYT 
extraction section 36 for instructing the reception buffer 35 
and the SYT extraction section 36 to interrupt data write into 



Upon reception of the control signal, the reception buffer 
35 and the SYT extraction section 36 interrupt data write 
into the buffers at step S223. 

At this time, processing of the data already stored in the 
reception buffer 35 before the bus reset is continued. 

Then, in the reception buffer 35, whether or not FIFO in 
the reception buffer 35 becomes empty of data is checked. 
If the FIFO in the reception buffer 35 does not become 
empty of data (N at step S224), interrupt of data write into 
the buffer at step S223 is continued. If the FIFO in the 
reception buffer 35 becomes empty of data (Y at step S224), 
the reception buffer 35 returns Empty Flag to the control 
section 39. 

Upon reception of Empty Flag, the control section 39 
sends a control signal to the cycle timer 33 for instructing the 
cycle timer 33 to rewrite cycle time. Upon reception of the 
control signal, the cycle timer 33 rewrites the cycle time 
stored in the register 2 into the register 1 at step S225, then 

; generates the cycle time of the home machine based on the 
cycle time and supplies the generated cycle time to the 
match detection circuit 34. 

The control section 39 sends a control signal to the 
reception buffer 35 and the SYT extraction section 36 for 

i instructing the reception buffer 35 and the SYT extraction 
section 36 to restart data write into the buffers. 

Upon reception of the control signal, the reception buffer 
35 and the SYT extraction section 36 restart data write into 
the buffers at step S226. 

i After the reception buffer 35 and the SYT extraction 
section 36 restart data write into the buffers at step S226, 
usual operation is repeated until bus reset occurs. 
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If bus reset does not occur at step S221, usual operation FIG. 25 is a flowchart to show the state described above, 

is also repeated until bus reset occurs. spec ifl c me thod of the fourth embodiment will be 

At step S223, control can also be performed so as to discussed with reference to FIGS. 20 and 25. 

instruct the data packet extraction section 32 not to extract p;,^ ; n a state m wn i cn usual operation is performed as 
data after the bus reset or the data packet extraction section 5 previously described in the second embodiment, if bus reset 

32 not to transmit data. occurs at step S251 because of connection of a new machine 

In short, control may be performed so that data is not or disconnection of an existing machine, a control section 39 

stored in the reception buffer 35 or the SYT extraction receives a bus reset signal. After this, the control section 39 

section 36. sends a control signal to the SYT extraction section 36 so as 

In the third embodiment, the data amount in the reception 10 to clear all SYTs in the buffer, 

buffer 35 is checked. However, data in FIFO in the SYT Upon reception of the control signal, the SYT extraction 

extraction section 36 is monitored and if the FIFO in the section 36 clears all the SYTs in the buffer at step S252. 

SYT extraction section 36 becomes empty of data, Empty p roccss i n g of the data stored in the reception buffer 35 is 

Flag can also be transmitted. As described later in a fifth con , ioucd at step S2 53 in synchronization with a reproduc- 

embodiment, at the bus reset time, the FIFO data amount is (km , ing clock signal fs phase-synchronized with a 

measured in either or both of the reception buffer 35 or the reference clock r generated before the bus reset. 

f YT Twn "f 0 "^ ^ d , aU , am ° Unt hT lhis ^ * not tran " d fr0m the SYT 

from the FIFO reaches the measurement value, a predeter- a ma(ch detectjQn ^ 34 fof a 

mined control signal can also be output. ^ ^ ^ ^ 34 does ^ a 



reference clock C^f- However, a PI .L circuit 37 
o hold the reproduction sampling clock signal fs 



In short, a control signal indicating that the FIFO in either 
or both of the reception buffer 35 and the SYT extraction 

section 36 becomes empty of data stored before the bus reset ^ ^"^'fwenM cloc7c3 generale7bVfore th^bus 

may be output. rcscU , hus ([k da(a stored bcforc , hc bus rcsc[ is processcd 

Thus, in the third embodiment, after bus reset occurs, data according to the sampling clock signal fs. 
write into the reception buffer 35 and the buffer in the SYT - Qn (hc ^ ^ a ^ ^ cxtracdon soction 

extraction section 36 is interrupted and alter the data stored ^ a new cycle slar , packe , CS and supplies the 

before the bus reset has been processed, processing ol data de starl packel CS to a cycle timer 33. The SYT extraction 

after the bus reset is started. Therefore even it the time section 36 j ngw syT and ^ tQe syT tQ (he 

information before the bus reset diflers trom that after the 



, . , mi match detection cm,un j-t. 

tsreset, normal processing is performed. ^ le tjmer 33 counts 24576 MHz c , ock signa i f rom 

Thus in the third embodiment the data related o SYT ' ^ k£t c§ ^ 

(yO yl) shown >n I K, 21Ais los but the data stored before anJ J £ fae ma[ch 

the bus reset is processed normally and usual processing is de , ec(ion circuil 34 . 

also restarted after the bus reset. « , , ■ • , ,. ™, 

1 he match detection circuit 34 compares the cycle lime 1c 

Fourth Embodiment: Receiver supplied from the cycle timer 33 with the SYT supplied from 

FIGS. 24A and 24fc are drawings to schematically show the SYT extraction section 36 at step S254. If the time values 

the method of (3) described above. match (Y at step S254), the match detection circuit 34 

The buffer state in an SYT extraction section 36 in FIGS. generates a reproduction reference clock signal C^. 

24Aand 24B is the same as that in the second embodiment. 40 If the cycle time Tc and the SYT do not match (N at step 

FIG. 24A shows the state of a buffer in the SYT extraction S254), control goes to step S253 at which processing of the 

section 36 just after bus reset in a receiving party operating data stored in the reception buffer 35 is continued in syn- 

at cycle time CT=X and FIG. 24B shows the buffer state chronization with the reproduction sampling clock signal fs 

after the method (3) is executed. phase-synchronized with the reference clock generated 

That is, since transmission and reception are executed at 45 before the bus reset. On the other hand, if the cycle time Tc 

cycle time CT=X before bus reset, SYTs of x20 and x21 are and the SYT match, the data stored in the reception buffer 35 

stored in the buffer in the SYT extraction section 36 (FIG. is processed at step S255 in synchronization with the repro- 

24A). duction sampling clock signal fs phase-synchronized with 

After this, when bus reset occurs and the cycle time on the 5Q the reproduction reference clock signal C^f when the time 

bus becomes CT-Y, all SYTs stored in the buffer in the SYT y alues match. 

extraction section 36 are deleted. After usual reproduction processing is restarted at step 

Then, the SYT extraction section 36 starts input of new S255, whether or not bus reset occurs is checked. 

SYT. If bus reset does not occur at step S251, the usual 

After input of new SYTs, SYTs at cycle time CT=Y are 55 operation is repeated until bus reset occurs, 

stored in the buffer in the SYT extraction section 36 as yO, Thus, in the fourth embodiment, all the data in the buffer 

yl, y2, y3 . . . (FIG. 24B). in the SYT extraction section 36 is cleared, the data stored 

After the bus reset, the data stored in the reception buffer just before the bus reset is processed according to the 

35 before the bus reset is controlled according to a repro- reproduction sampling clock signal fs generated before the 

duction sampling clock fs generated by a reproduction 60 nus resct > and lne data after tne hus resel is processed as 

reference clock signal generated when cycle time usual. Therefore, even if the time information before the bus 

CT=X before the bus reset. After all the data related to the reset differs from that after the bus reset, normal processing 

cycle time CT-X has been processed, data related to cycle is performed. 

time CT=-Y is processed as usual. In the fourth embodiment, the data stored before the bus 

Thus, in the fourth embodiment, after the bus reset, all 65 reset and that stored after the bus reset are processed 

SYTs stored in the buffer in the SYT extraction section 36 normally without losing the data before and after the bus 

are deleted. reset. 
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Fifth Embodiment: Receiver The first method of the fifth embodiment will be discussed 

specifically with reference to FIGS. 27 and 28. 



A fifth embodiment of the invention corresponds k, ^ . ■ , , .• ■ e a 

method of (4) described above. After bus reset occurs, the First, ,n a state m which usual operation is performed as 

data stored before the bus reset is processed using dummy previously described in the second embodiment, if bus reset 

SYT or a dummy reference clock and after all the data stored 5 "ccurs at step S271 because of connection of a new machine 

before the bus reset has been processed, usual processing is or disconnection of an existing machine a control section 39 

performed using SYT or a reference clock after the bus reset. receives a bus reset signal. After this, the control section 39 

The embodiment provides two methods, which will be ^ * c °f ° ! SI | nal 10 f the ^fraction section 36 so as 

discussed in detail as first and second methods of the fifth 1() to check Buffer Slze in the buffer , u _ 

embodiment u P on reception of tDe control signal, the SYT extraction 

" ' section 36 checks Buffer Size in the buffer and returns the 

First Method of Fifth Embodiment Buffer Size to the control section 39 at step S272. 

The first method of the fifth embodiment is a method of The Buffer Size isa value of counting the number of SYTs 

generating dummy SYT. ]S stored in the buffer in the SYT extraction section 36 when 

FIG. 26 is a drawing to schematically show the first " bus reset occurs. For example, if two SYTs (x20 and x21) 

method of the fifth embodiment. are stored before bus reset as shown in FIG. 26, Buffer Size 

That is, before bus reset occurs, transmission and recep- is set 10 2 - 

tion are executed at cycle time CT-X, thus SYTs of x20 and The control section 39 also sends a change signal to the 

x21 are stored in a buffer in an SYT extraction section 36. 2 o selection circuit 42. 

After this, when bus reset occurs and the cycle time on a Upon reception of the change signal, the selection circuit 

bus becomes CT-Y, the SYT extraction section 36 inputs 42 changes the SYT to be supplied to the match detection 

new SYT. circuit 34 to the dummy SYT supplied from the dummy SYT 

After input of new SYTs, SYTs at cycle time CT-Y are generation circuit 41 at step S273. 

stored in the buffer in the SYT extraction section 36 as yO, 25 The control section 39 counts, at step S275, the number of 

yl, y2, y3 . . . . times the match detection circuit 34 has found a match 

On the other hand, a dummy SYT generation circuit 41 between the SYT from the selection circuit 42 and the cycle 

generates x20' and x21' of dummy SYTs corresponding to time from a cycle timer 33 alter the bus reset at step S274 

SYTs of x20 and x21 after the bus reset occurs, and supplies If the count exceeds the Buffer Size at step S276, the control 

x20' and x21' to a selection circuit 42, which then changes 30 section 39 again transmits a change signal to the selection 

SYTs from SYTs of the SYT extraction section 36 to the circuit 42. 

dummy SYTs of the dummy SYT generation circuit 41 in This means that the change signal is transmitted to the 

response to the bus reset signal, and supplies the dummy selection circuit 42 if count>2, for example, in FIG. 26. 

SYTs to a match detection circuit 34. ij pon reception of the change signal, the selection circuit 

Upon completion of output of the dummy SYTs, again 42 again changes the SYT to be transmitted to the match 

normal SYTs are supplied to the match detection circuit 34. detection circuit 34 to normal SYT at step S277. 

Thus, in the first method of the fifth embodiment, after the 0n , Qe otrjer hand, if the value of counting the dummy 

bus reset, the data stored before the bus reset is processed SY Ts is not greater than the Buffer Size at step S276, control 

using dummy SYT and after all the data stored before the 4Q goes to slcp §274 and steps S274 to S276 arc repeated, 

bus reset has been processed, usual processing is performed Af(er usua) reproduction processing is restarted at step 

using SYT after the bus reset. s277 whether or nol bus reset occurs ; s checked. 

FIG. 27 is a flowchart to show the receiver state described ^ ^ ^ a( s2?1> me usua , 

above. FIG. 28 is a block diagram provided by extracting the onera|jon k reDealed UIlti , bus rese , occurs 
portion related to the fifth embodiment from the block , 5 °P*™ 1 >™ is repeated uiiti bus reset occurs 
diagram of FIG. 11. Circuit parts identical with those 45 Thus, ,n the hrs, method ol the filth embodiment, dummy 

previously described with reference to FIG. 11 are denoted SYT is generated after the bus reset. Therefore, even rf the 

by the same reference numerals in FIG. 28 and will not be time mtormaUon before the bus reset differs from that after 

discussed again. lhc bus rcsct ' normal P roccssm g 1S performed. 

The fifth embodiment further includes a subtraction cir- 50 The specific generation method of a dummy SYT is as 

cuit 40, the dummy SYT generation circuit 41, and the ' follows: 

selection circuit 42. In FIG. 28, SYT is always supplied to the subtraction 

The subtraction circuit 40 receives SYTs from the SYT circuit 40 and when bus reset occurs, the subtraction circuit 

extraction section 36, calculates a difference between the 40 calculates the time difference between the SYT just 
preceding and following SYTs according to a calculation 55 before the bus reset (SYT at cycle time CT-X) and the SYT 

expression described later, and supplies the difference to the just after the bus reset (SYT at cycle time CT=Y) as 

dummy SYT generation circuit 41 as the time difference (D). ^ ^ ^ ^ bus reset) _ (SYT just aftei 

The dummy SYT generation circuit 41 receives the time bus resel) (6) 
difference (D) and receives SYT from the SYT extraction 

section 36. It uses the time difference (D) and the SYT from 60 and supplies the time difference (D) to the dummy SY1 

the SYT extraction section 36 to generate a dummy SYT generation circuit 41. 

according to a calculation expression described later and The dummy SYT generation circuit 41 adds the time 

supplies the dummy SYT to the selection circuit 42. difference to the SYT at cycle time CT-X before the bus 

The selection circuit 42 selectively supplies the SYT from resct as 

the SYT extraction section 36 or the dummy SYT from the 65 du[nmy SYT _ (SYT before bus rcset ) + tim= difference (D) (7) 
dummy SYT generation circuit 41 to the match detection 

circuit 34. and supplies the dummy SYT to the selection circuit 42. 
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Specifically, if bus reset occurs, for example, in a state in 
which SYTs at cycle time CT=X (x20 and x21) are stored in 
the buffer in the SYT extraction section 36 as shown in FIG. 
26, the SYT extraction section 36 extracts SYT at CT-Y 
(yO), the next cycle time. 5 

At this time, the subtraction circuit 40 subtracts x21 from 
yO to And the time difference (D) and supplies the time 
difference (D) to the dummy SYT generation circuit 41. 

The dummy SYT generation circuit 41 adds the time 
difference (D) to the SYTs at cycle time CT-X (x20 and 10 
x21) transmitted from the SYT extraction section 36 to 
generate dummy SYTs (x20' and x21') and supplies the 
dummy SYTs to the selection circuit 42. 

The dummy SYTs are thus generated. 

In the first method of the fifth embodiment, the selection is 
circuit 42 changes SYT to be supplied to the match detection 
circuit 34 based on Buffer Size in the buffer in the SYT 
extraction section 36, but it can also change SYT based on 
Buffer Size in a reception buffer 35. How to find the Buffer 
Size is not limited to that in the fifth embodiment; any other 20 
method may be adopted if the data amount in the buffer can 
be found. The SYT extraction section 36 determines whether 
each SYT is an SYT stored before or after bus reset as 
described later in a sixth embodiment of the invention, and 
the selection circuit 42 can also change SYT to be supplied 25 
to the match detection circuit 34 based on the determination 
result. 

The time difference (D) can also be transmitted to the 
cycle timer 33 to generate a dummy cycle time. At the time, 
the time difference (D) may be subtracted from the cycle m 
time after bus reset. 

Second Method of Fifth Embodiment 
Next, the second method of the fifth embodiment is a 
method of generating a dummy reproduction reference clock 35 
signal Cpzf'. 

FIG. 29 is a drawing to schematically show the second 
method of the fifth embodiment. 

That is, before bus reset occurs, transmission and recep- 
tion are executed at cycle time CT=X, thus SYTs of x20 and 40 
x21 are stored in the buffer in the SYT extraction section 36. 

After this, when bus reset occurs and the cycle time on the 
bus becomes CT=Y, the SYT extraction section 36 inputs 
new SYT. 45 

After input of new SYTs, SYTs at cycle time CT=Y are 
stored in the buffer in the SYT extraction section 36 as yO, 
yl, y2, y3 . . . . 

On the other hand, a dummy reproduction reference clock 
signal Cfurp generation circuit 43 generates dummy repro- 50 
duction reference clock signal C^.-^ 1 corresponding to SYTs 
of x20 and x21 after the bus reset occurs, and sends the 
dummy reproduction reference clock signal C,,^' to a 
selection circuit 44, which then changes the clock signal 
from reproduction reference clock signal C^pp from the 55 
match detection circuit 34 to the dummy reproduction 
reference clock signal C^p from the dummy reproduction 
reference clock signal C^p generation circuit 43 in 
response to the bus reset signal, and supplies the dummy 
reproduction reference clock signal C^p' to a PLL circuit 60 
37. 

After completion of processing of the data stored before 
the bus reset, again the reproduction reference clock signal 
C fflf from the match detection circuit 34 is output to the 
PLL circuit 37. 65 

The SYTs stored before the bus reset are deleted as 
described later. 
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Thus, in the second method of the fifth embodiment, after 
the bus reset, the data stored before the bus reset is processed 
using dummy reference clock and after all the data stored 
before the bus reset has been processed, processing is 
performed using reference clock after the bus reset. 

FIG. 30 is a flowchart to show the receiver state described 
above. FIG. 31 is a block diagram provided by extracting the 
portion related to the fifth embodiment from the block 
diagram of FIG. 11. Circuit parts identical with those 
previously described with reference to FIG. 11 are denoted 
by the same reference numerals in FIG. 31 and will not be 
discussed again. 

The fifth embodiment further includes the dummy repro- 
duction reference clock signal C^' generation circuit 43 
and the selection circuit 44. 

The dummy reproduction reference clock signal C ffif ' 
generation circuit 43 receives a reproduction reference clock 
signal C m p from the match detection circuit 34, generates a 
dummy reproduction reference clock signal Cj^p by a 
method described later from the reproduction reference 
clock signal C^p, and supplies the dummy reproduction 
reference clock signal C ffif ' to the selection circuit 44. 

The selection circuit 44 selectively supplies the reproduc- 
tion reference clock signal C^p from the match detection 
circuit 34 or the dummy reproduction reference clock signal 
c ref fr° m lhe dummy reproduction reference clock signal 
c kef generation circuit 43 to the PLL circuit 37. 

The second method of the fifth embodiment will be 
discussed specifically with reference to FIGS. 30 and 31. 

First, in a state in which usual operation is performed as 
previously described in the second embodiment, if bus reset 
occurs at step S301 because of connection of a new machine 
or disconnection of an existing machine, the control section 
39 receives a bus reset signal. After this, the control section 
39 sends a control signal to the SYT extraction section 36 so 
as to check Buffer Size in the buffer. 

Upon reception of the control signal, the SYT extraction 
section 36 checks Buffer Size in the buffer and returns the 
Buffer Size to the control section 39 at step S302. 

After this, all SYTs in the buffer are deleted. 

The Buffer Size is the same as that previously described 
in the first method. 

The control section 39 also sends a change signal to the 
selection circuit 44. 

Upon reception of the change signal, the selection circuit 
44 changes the reproduction reference clock signal to be 
supplied to the PLL circuit 37 to the dummy reproduction 
reference clock signal C^p from the dummy reproduction 
reference clock signal C^p generation circuit 43 at step 
S303. 

At this time, the match detection circuit 34, to which SYT 
after the bus reset is supplied, does not output for a while. 
Therefore, during the time, the dummy reproduction refer- 
ence clock signal C^^.' from the dummy reproduction 
reference clock signal C^,' generation circuit 43 is supplied 
to the selection circuit 44. 

Ilie control section 39 counts the number of the rising 
edges of the dummy reproduction reference clock signal 
c ref supplied to the selection circuit 44 at step S304. If the 
count becomes equal to or greater than the Buffer Size at 
step S305, the control section 39 transmits a change signal 
to the selection circuit 44. 

Upon reception of the change signal, the selection circuit 
44 again changes the reproduction reference clock signal to 
be supplied to the PLL circuit 37 to the normal reproduction 
reference clock signal at step S306. 
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On the other hand, if the count of the rising edges of the 
dummy reproduction reference clock signal C^-,,' does not 
become equal to or greater than the Buffer Size at step S305, 
control goes to step S304 and counting the number of the 
rising edges of the dummy reproduction reference clock 
signal Chef is continued. 

After usual reproduction processing is performed at step 
S306, whether or not bus reset occurs is checked. 

If bus reset does not occur at step S301, the usual 
operation is repeated until bus reset occurs. 

Thus, in the second method of the fifth embodiment, 



dummy reproduction reference clock signal C, 
ated after the bus reset, the data stored before the bus reset 
is processed using the dummy reproduction reference clock 
signal Cr^f', and after all the data stored before the bus reset 
has been processed, processing is performed using the 
reproduction reference clock signal C^p after the bus reset. 
Therefore, even if the time information before the bus reset 
differs from that after the bus reset, normal processing is 
performed. 

The specific generation method of the dummy reproduc- 
tion reference clock signal Cj^j,' is as follows: 

In FIG. 31, the dummy reproduction reference clock 
signal Cref generation circuit 43 counts the rising edges of 
clock periods (FIG. 32) of reproduction reference clock 
signal Cref generated in the match detection circuit 34 and 
timings by a counter (not shown) and stores the clock period 
in a buffer (not shown) in the dummy reproduction reference 
clock signal C^ F ' generation circuit 43. , n 

In the example shown in FIG. 32, the clock period (T) is 
stored in the buffer. 

Since the counter value is stored in the buffer on the rising 
edge of the reference clock and then the next period (T) is 
counted, the counter is adapted to clear the count and again 35 
continue the count operation. 

When bus reset occurs in the above-described state, the 
dummy reproduction reference clock signal Cr^' genera- 
tion circuit 43 generates a dummy reproduction reference 
clock signal C mF ' based on the period stored in the buffer, 40 
such as the period (T), and supplies the dummy reproduction 
reference clock signal C^' to the selection circuit 44. 

The dummy reproduction reference clock signal C,^ F is 
thus generated. 

In the second method of the fifth embodiment, the selec- 45 
tion circuit 44 changes the reproduction reference clock 
signal to be supplied to the PLL circuit 37 based on Buffer 
Size in the buffer in the SYT extraction section 36, but it can 
also change the reproduction reference clock signal based on 
Buffer Size in the reception buffer 35. How to find the Buffer 50 
Size is not limited to that in the fifth embodiment; any other 
method may be adopted if the data amount in the buffer can 
be found. The SYT extraction section 36 determines whether 
each SYT is an SYT stored before or after bus reset as 
described later in the sixth embodiment of the invention, and 55 
the selection circuit 44 can also change based on the 
determination result. 

As described above, in the first and second methods of the 
fifth embodiment, the data stored before the bus reset and 
that stored after the bus reset are processed normally without 60 
losing the data before and after the bus reset. 

Sixth Embodiment: Receiver 

FIGS. 33A and 33B are drawings to schematically show 
the method of (5) described above. 65 

The buffer state in an SYT extraction section 36 in FIGS. 
33A and 33B is the same as that in the second embodiment. 



FIG. 33A shows the state of a buffer in the SYT e: 
section 36 just after bus reset in a receiving party operating 
at cycle time CT=X and FIG. 33B shows the buffer state 
after the method (5) is executed. 
5 That is, since transmission and reception are executed at 
cycle time CT-X before bus reset, SYTs of x20, x21, and 
x22 are stored in the buffer in the SYT extraction section 36 
(FIG. 33A). 

After this, if bus reset occurs and the cycle time on the bus 
10 becomes CT-Y, the SYT extraction section 36 inputs new 
SYT as usual. 

After input of new SYTs, SYTs at cycle time CT-X and 
SYTs at cycle time CT-Y are stored as x2(), x21, and x22 
and yO, yl, y2, y3 . . . in the buffer in the SYT extraction 
is section 36 (FIG. 33B). 

A difference between the preceding and following SYTs 
is calculated in the buffer and whether each SYT is an SYT 
stored before or after bus reset is determined according to 
the difference. Based on the determination result, demodu- 
20 lation processing is performed at cycle time CT-X for the 
data stored before bus reset; demodulation processing is 
performed at cycle time CT-Y for the data stored after bus 



Thus, in the sixth embodiment, demodulation processing 
is performed at cycle time CT=X for the data stored before 
bus reset and demodulation processing is performed at cycle 
time CT-Y for the data stored after bus reset. 

FIG. 34 is a flowchart to show the receiver state described 
above. FIG. 35 is a block diagram provided by extracting the 
portion related to the sixth embodiment from the block 
diagram of FIG. 11. Circuit parts identical with those 
previously described with reference to FIG. 11 are denoted 
by the same reference numerals in FIG. 35 and will not be 
discussed again. 

'Ifie sixth embodiment further includes a subtraction 
circuit 45 and a determination circuit 46. A cycle timer 33 
has Iwo regislers for temporarily retaining data. 

The subtraction circuit 45 receives SYTs from the SYT 
extraction section 36, calculates a difference between the 
preceding and following SYTs according to a calculation 
expression described later, and supplies the time difference 
to the determination circuit 46 as the time difference (D). 

The determination circuit 46 receives the time difference 
(D) from the substraction circuit 45, determines whether 
each SYT is an SYT stored before or after bus reset by a 
method described later based on the time difference (D), and 
supplies the determination result to a control section 39. 

T"he specific method of the sixth embodiment will be 
discussed with reference to FIGS. 34 and 35. 

First, in a state in which data is transmitted and received 
on a bus 15 by at least two nodes, a cycle start packet 
extraction section 31 extracts a data packet from the bus 15 
and supplies extracted cycle start packet CS to the cycle 
timer 33, which then sets the cycle time indicated in the 
cycle start packet CS in a register 1, for example, generates 
cycle time of the home machine based on the setup cycle 
time, and supplies the generated cycle time to a match 
detection circuit 34. 

On the other hand, a data packet extraction section 32 
extracts an isochronous packet on the bus 15 and feeds data 
in the packet into a reception buffer 35. The SYT extraction 
section 36 extracts SYT contained in a CIP header in the 
isochronous packet. 

The SYT extraction section 36 supplies the SYT con- 
tained in the CIP header in the isochronous packet to the 
match detection circuit 34 and the substraction circuit 45. 
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The subtraction circuit 45 calculates a time difference (D) 
between the extracted SYTs according to the calculation 
expression described later, and supplies the time difference 
(D) to the determination circuit 46. 

The determination circuit 46 receives the time difference 
(D) from the substraction circuit 45, determines whether the 
SYT is an SYT stored before or after bus reset by the method 
described later based on the time difference (D), and sup- 
plies the determination result to the control section 39. 

After this, data demodulation processing is performed in ; 
data reception processing described above. 

If bus reset occurs at step S341 because of connection of 
a new machine or disconnection of an existing machine 
while data is being transferred, the control 



a bus reset signal. After this, the control section 39 
i control signal to the cycle timer 33 for instructing 
the cycle timer 33 to store a new cycle time in another 
register. Upon reception of the control signal, the cycle timer 
33 writes a new cycle time into a second register 2, for 
example. 

At this time, the cycle timer 33 generates the cycle time 
of the home machine based on the cycle time stored in the 
register 1 and continues to supply the value of the generated 
cycle time to the match detection circuit 34. 

The match detection circuit 34 uses the cycle time from 
the cycle timer 33 and SYT supplied from the SYT extrac- 
tion section 36 to generate a reproduction reference clock 
signal C^. 

On the other hand, the subtraction circuit 45 receives 
SYTs from the SYT extraction section 36, calculates a time 
difference between the received SYTs, and transmits the 
time difference to the determination circuit 46 at step S342. 

The determination circuit 46 stores the time difference 
supplied from the subtraction circuit 45 and compares the 
time difference with the preceding 

mine whether or not the difference value between the time 
differences is within a predetermined range described later at 
step S343. If the value is within the predetermined range, 
usual processing is continued. 

On the other hand, if the value is outside the predeter- 
mined range, the determination circuit 46 transmits a control 
signal to the control section 39. 

Upon reception of the control signal, the control section 
39 transmits a control signal to the cycle timer 33 for 
instructing the cycle timer 33 to rewrite cycle time. Upon 
reception of the control signal, the cycle timer 33 rewrites 
the cycle time stored in the register 2 into the register 1 at 
step S344, generates the cycle time of the home machine 
based on the cycle time, and supplies the generated cycle 
time to the match detection circuit 34. 

After the cycle time rewrite is executed at step S344, 
usual operation is repeated until bus reset occurs. 

If bus reset does not occur at step S341, usual operation 
is also repeated until bus reset occurs. 

Thus, in the sixth embodiment, two or more cycle time 
registers for reflecting the cycle limes before and after bus 
reset are provided in the receiving party. After the bus reset, 
the data stored before the bus reset is processed using the 
cycle time before the bus reset and after the data stored 
before the bus reset has been all processed, usual processing 
is performed using the cycle time after the bus reset, so that 
data demodulation is executed without losing data. 

The specific calculation method of the subtraction circuit 
45 for calculating the time difference (D) between SYTs and 
the determination method of the determination circuit 46 are 
as follows: 
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The SYTs shown in FIG. 33B are supplied from the SYT 
subtraction section 36 to the subtraction circuit 45, which 
then uses the SYTs to calculate the time difference (D) as 

time difference (D)-current SYT-immediately preceding SYT (8) 

and supplies the time difference (D) to the determination 
circuit 46. 

The determination circuit 46 detects the boundary 
between the SYT before bus reset and that after bus reset 
based on the time difference (D) and transmits the detection 
result to the control section 39. That is, the time difference 
(D') between the SYTs preceding and following the bound- 
ary differs from the time difference (D) between other SYTs, 
thus the SYTs between which the time difference (D 1 ) is 
found become the SYT before the bus reset and the SYT 



More specifically, in FIG. 33B, the subtraction circuit 45 
calculates the time difference (D) as 



ie difference (D)=x2/-. 



difference {D) = y0-x22 



At this time, the calculation results of (Expression '■)) and 
(Expression 10) on the SYTs added when cycle time CT-X 
are each predetermined time difference (a). Just after bus 
reset, calculation is executed on SYT added when cycle time 
'xZrZZ^lwr 35 CT-X and SYT added when cycle time CT-Y. Thus, if the 
reference time before the bus reset differs from that after the 
bus reset, predetermined time difference (b) results. 
Therefore, the above -described boundary is detected by 
comparing the time difference values. In the example, the 
predetermined time difference calculated on the SYTs added 
when cycle time CT-X is (a); in fact, however, the time 
difference also contains a little jitter component a and 
therefore if it is compared with any other time difference, it 
is advisable to adopt a±a. 

The SYT before the bus reset and that after the bus reset 
are thus determined. 

In the sixth embodiment, register change in the cycle 
timer 33 is made based on the determination result of the 
determination circuit 46, but it can also be made based on 
Buffer Size in either or both of the SYT extraction section 
36 and the reception buffer as described above. 

As described above, in the second to sixth embodiments 
of the invention, digital data sent by a transmitting party can 
be restored to a state in which it can be reproduced imme- 
diately at proper timing in a receiving party. 

Thus, in the invention, when the reference til 
as bus reset occurs, the transmitter or the rect 
with trouble caused by the reference time lag, 
problems are solved. 

For example, audio data b in FIG. 14N already undergoes 
conversion to a packet before bus reset, thus cannot be 
handled in the transmitter, but can be corrected in the 



is changed 
er can deal 
that all the 



Thus, it is advisable to provide a unit with both the 
5 transmitter and receiver methods if the unit can transmit and 
receive data. In this case, a cycle timer can be used for both 
the methods and the circuitry can be simplified. 
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In the invention, the time at which the reference time on 
the transmission bus changes is the time at which bus reset 
occurs. However, if bus reset does not occur, for example, 
when the cycle master node changes the reference time, the 
methods of the invention can be applied. 

Although the non-blocking transfer method (in which 
conversion to a packet is executed in one Iso cycle unit), one 
of transmission methods defined in the A&M protocol, has 
been described, but the invention can also be applied to a 
blocking transfer method (in which conversion to a packet is 
executed in a predetermined number of sample units). It can 
also be applied at any other sampling frequency than 32 
KHz. 

In the embodiments, predetermined data is reproduced by 
the reception interface circuit 12, 13 according to the inven- 
tion; the data to be reproduced may be video data or voice 
data. In the embodiments, the operation performed when the 
reception interface circuit 12, 13 is adopted for the trans- 
mission system complying with the IEEE1394-1995 stan- 
dard has been described, but applicable transmission sys- 
tems are not limited to those complying with the IEEE1394- 
1995 standard. 

In short, the invention may be applied to a transmission 
interface unit in such a transmission system wherein time 
series data such as voice data or video data is divided into 
data groups and a data packet comprising reproduction 
specification time data (specifying the time at which each 
data piece in the data groups should be reproduced in a 
receiving party) added to the data groups is transmitted in a 
time division manner. 

As described above, according to the invention, digital 
data sent by a transmitting party can be restored to a state in 
which it can be reproduced immediately at proper timing in 
a receiving party. 

What is claimed is; 

1. A transmission interface unit in a transmission system 
wherein time series data is divided into data groups and a 
data packet comprising reproduction specification time data, 
said reproduction specification time data specifying the time 
at which each data piece in the data groups should be 
reproduced is added to each data packet, is transmitted on a 
transmission bus in a time division manner, said transmis- 
sion interface unit comprising; 

a cycle timer for counting a reference time of a home 
machine based on a reference time on the transmission 

generation means for generating the reproduction speci- 
fication time data; 

addition means for dividing the time series data into data 
groups, putting into packets, and adding the reproduc- 
tion specification time data to the data in the packets; 

rewrite means for rewriting the reproduction specification 
time data generated by the generation means when the 
reference time on the transmission bus changes. 

2. The transmission interface unit as claimed in claim 1 
further comprising determination means for determining 
whether the reproduction specification time data generated 
by said generation means is reproduction specification time 
data generated before or after the reference time on the 
transmission bus changes and supplying the reproduction 
specification time data generated before the reference time 
on the transmission bus changes to said rewrite means based 
on the determination result. 

3. The transmission interface unit as claimed in claim 1, 

wherein the cycle timer comprises at least two registers each 
for temporarily retaining the reference time on the transmis- 
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sion bus, at least the reference time of the home machine set 
before the reference time on the transmission bus changes 
and the reference time of the home machine set after the 
reference time on the transmission bus changes are retained 
s in the registers, when the reference time on the transmission 
bus changes, the cycle timer calculates a difference between 
the reference times retained in the registers and transmits the 
difference to said rewrite means, and said rewrite means 
rewrites the reproduction specification time data based on 
the difference. 

4. The transmission interface unit as claimed in claim 2, 
wherein said determination means and said rewrite means 
process the data in the packets that are output from the 
addition means. 
)5 5. A transmission interface unit in a transmission system 
wherein time series data is divided into data groups and a 
data packet comprising reproduction specification time data, 
said reproduction specification time data specifying the time 
at which each data piece in the data groups should be 
, 0 reproduced is added to each data packet, is transmitted on a 
transmission bus in a time division manner, said transmis- 
sion interface unit comprising: 

a cycle timer for counting a reference time of a home 
machine based on a reference time on the transmission 

a generation section for generating the reproduction speci- 
fication time data; 

an addition section for dividing the time scries data into 
data groups, putting into packets, and adding the repro- 
3n duction specification time data to the data in the pack- 

a rewrite section for rewriting the reproduction specifi- 
cation time data generated by the generation section 
when the reference time on the transmission bus 

35 changes. 

6. The transmission interface unit as claimed in claim 5 
further comprising a determination section for determining 
whether the reproduction specification time data generated 
by said generation section is reproduction specification time 

40 data generated before or after the reference time on the 
transmission bus changes and supplying the reproduction 
specification time data generated before the reference time 
on the transmission bus changes to said rewrite section 
based on the determiuation result. 

45 7. 'Hie transmission interface unit as claimed in claim 5, 
wherein the cycle timer comprises at least two registers each 
for temporarily retaining the reference time on the transmis- 
sion bus, at least the reference time of the home machine set 
before the reference time on the transmission bus changes 

50 and the reference time of the home machine set after the 
reference time on the transmission bus changes are retained 
in the registers, when the reference time on the transmission 
bus changes, the cycle timer calculates a difference between 
the reference limes retained in the registers and transmits the 

55 difference to said rewrite section, and said rewrite section 
rewrites the reproduction specification time data based on 
the difference. 

8. The transmission interface unit as claimed in claim 6, 
wherein said determination section and said rewrite section 

60 process the data in the packets that are outputted from the 
addition section. 

9. A transmission interface unit in a transmission system 
wherein time series data is divided into data groups and a 
data packet comprising reproduction specification time data, 

65 said reproduction specification time data specifying the time 

at which each data piece in the data groups should be 
reproduced is added to each data packet, is transmitted on a 



US 6,62 

29 

transmission bus in a time division manner, said transmis- 
sion interface unit comprising: 

a cycle timer for counting a reference time of a home 
machine based on a reference time on the transmission 
bus; and 
a controller for controlling: 

generation of the reproduction specification time data; 

division of the time series data into data groups, place- 
ment into packets, and addition of the reproduction 
specification time data to the data in the packets; and 

rewriting of the generated reproduction specification time 
data when the reference lime on the transmission bus 
changes. 

10. The transmission interface unit as claimed in claim 9, 
wherein said controller further controls determining whether 
the generated reproduction specification time data is repro- 
duction specification time data generated before or after the 
reference time on the transmission bus changes and rewrit- 
ing the reproduction specification time data generated before 
the reference time on the transmission bus changes based on 
the determination result. 
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11. The transmission interface unit as claimed in claim 9, 
wherein the cycle timer comprises at least two registers each 
for temporarily retaining the reference time on the transmis- 
sion bus, at least the reference time of the home machine set 
s before the reference time on the transmission bus changes 
and the reference time of the home machine set after the 
reference time on the transmission bus changes are retained 
in the registers, when the reference time on the transmission 
]0 bus changes, the cycle timer calculates a difference between 
the reference times retained in the registers and transmits the 
difference to said controller, and said controller controls the 
rewriting of the reproduction specification time data based 
on the difference. 
15 12. The transmission interface unit as claimed in claim 10, 
wherein said controller controls the determining, the sup- 
plying and the rewriting of the data in the packets after the 
addition of the reproduction specification time data to the 
20 data in the packets. 
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[0 0 17] JfcKl, A—hy-KBtt, itttdfcV-C* 

*j-LT> y-Kl D#^-Srft^$-e-5fcfe©ft^grant 
££W-f5„ y-KC(4, U-7/-K-CttftV^fc», 
g*tr*3v>r*- h#*o*v^#- nt»K*n-cv>* 

Migrant £&tti-fS<, y-KDt, 

*tLTV«5y-KFlc*fLT, y-KID#-S§-£tt-fj-£ 
* -5 ft ©Migrant ^j^ffl-fS., y-KFtt, y-7 
y-Kt?*5fc», grant ff^Srgff y-KlD# 

-t^oij-fc^, ^y- KDicWL-rs-^wet^tT^ofc 
tw5541S©<f^£iittJ-f5o *©«, y-KFtt. ± 
y-KI-»LTg»©y-KlD#* (ID=1) 

i D##SrS»t»ofc^y-Ktt. S«©y- 
Fi^^^v^^F (iD*^y? = i) i- 

*. fcfc, y-KDtt&«»r*3V^-C*-h*#*Sfttr* 

v^-M^»tt*ix-cv^y-KEt*|-Lr. y-Ki 

D#^£#4$#5;fc*©flr-^grant fcigW-fSo J^T 

3©± 5 y-KI D©ii*flas*^7-t5i, 

coy — k© 5 ^^e>^^^^-^^STJsr-< n-rx 
■ y • HfiX&.ZtiSo 
14, h*DvJ-v S /t 0 y^S.U : ^t , -K^yt» 
y^^fiU r^y^n-f^ • y y-* • 

r^y^a-f^©^^ r-fy^t^fi-y 

[0 0 18] x-^ls^SC14r-f yi?nt-7|s^i, r 

yy^nt^itiJi&s. T-Yyyn-r-^te^iiiiffl 

^Ifiitd 1 If'f y/W(l 12 5ms ecX'foKl , 9 >^ 

^ct^yF (Asyncsfesl) Wt©)i-C|fl*r5. 

g]5iC^-t-4 5(^ IEEE 1 3 9 4- 1 9 9 5SK 
S"^< 5 ocoy — KA~E ^SM^tl/TV^S i"t" 

5t, *y— KA~E(4 2 4. 5 7 6MH z ©jiSfC-C* 
tr»L-CI*IIHtft#S*-f invtjT&m*., 

crt, y— FEiSfy^yUv^^/ - KT-&5^b 
f4\ y-KE(41 2 5 ^sec fe{C^^^^— h^^-y 
v F C S Sr y — KA~Di^ttl&t5fc©l^^±(^ffl 
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-f-5„ 9 >v*9~Y^9-y hCSlcii/-KEWf- 
WM9n>*9-Y'<>ry hCS&gfTtar £fc.fc 

- 9 j££flr»f£ * >f 5 v ^ £ ftgg £ * 5 £ i (' 4 5 „ 
[0 0 19] 7^y^nt^/^.7 utr^y^ot^ 

i ! , 1 2 ^$jxtv>5*s, ymt&^j 9>v 

Lfc&-C$>ftfi, 12 5n sec IC 1 mVf~9^v Y 
&mmirzz.t T4)/9vrxs<>ryYUM ! 
#tttttlB6K*i-J:5K, r-fhu-yavi, ^ 
-W?ht«>64«. T-fUz-yayiif-? 

5«-W*#y-KK»fcfcttl&3;h,a. ¥—9*>ry Y 
RC, C I P^s>*\ x-^gB, SU'f'-^CRC^Bf 

•cig^-t-ST-^^a^^^i-f 1 ^ y*/W-yvmtH: 

[0 0 2 0] C I P^y^«fl!rtrtB7te*+ ±5fc* 
oTV>5„ *ro«j8«r«]JlK:KiPH-ai:, SIDttaSfll 
#WI D#**W^-fSfc»<0««^*)5. DBSIil 
f-yyVi^-? (f-^py?) of--YXffe?)o f 

N, QPC, S PHte^tfMPEG^-^&ifroBlHfe 

^y^IEEE 1 3 9 4<ZV^s/ MC-f^fe*!^ 

QPCIiy-^y h<D1MX£DB Sfg&iC-f Sfc 
feirSBxttifc^^-w^y YVyYW. i\9VY\yy 
SPHttiBdMWUfc^-* 
hc^y-x/^y h^yy^*ih.rv^S9 f 

3„ Rsvttm DBCiif-yy^-^dii 
«#-§-^##-t-5M«-Cfei9, C I P^yyi:*$iv5 

T*fc5 0 ft!-, FMT(±7t-7yHD-Cfc?, 7 1 - 

If, A&M (Audio/Music ) y°o h n/KD#^lC|i, A 



Ffi, flfri*L-fcFMTIcTOLfc«ttt?fe5„ #ljx.!i, 
A&M (Audio/Music ) y°d h = /K£>SHHc:H, — 

Til, ±^Lfci5l-C I P^i/^cD5^Tfel 6 b i 
tlr«tt)fflffig$n, rcoTfil 6 b i tfflH, ±&4 
b i tttW^/W?y HsoW^ 
(12 5ms) %<DJ]?V Y&ftW T{41 2bi tB 
f--T ^A^y-fcy l-Wfft, 2 4. 5 7 6MHz«.^p 

[0021] r-yy^ot^? H4*aSjfefc»x6L 
x?- 9 Yxhz, fcrn^m 

%<d i j — Y*xi-i'<x±.<D±x<Dy— K-cfeSo r-yy 
?d y Mi^WI-li0 8 t^-fi T- 

trhi'-i yayt, r-^^yFt, r^yyyvv^ 
^■y r-trhw— ; y 3 yii^-^te^i- 

*\ ^S/^CRC, f-^SB, Mt-^CRCWR 

WirWLt^So t»'vy^:ttT-yy?pt^^5' 
h-c^l-Sf-^w^wy- ki d, i&ifxroy- 

[0 0 2 2] fcfc, T4*J9x*1r**>rv HCiS*— 

J: 5 fc. f-yyy y^JSStftf 4 
4. 1 KH zCDHf^iJCDT^ V9>v*f~-9X'Z>Z>lr-7 ! 
^X-?DATAf;U<7?m^«m9ft<Z>£ffg§l 1*» 
^mo*^m§S 1 0 ft^gff 2§ 1 2CIEEE1394 
- 1 9 9 5«fttS<J<^^ 1 5t^UTift»*H«t 

ts„ mm*«§9rticttgfs^i 2tra«wg«?§i 3 
^x.bti,, *fcs^«§gi o^icfi^t^i i tmm 
<omm®i 4#m*.t>tir^z>. mimn (14) k 

isv^Tli, Ell 0^-fJ;5li, ^-x-f^x-^co^g- 
f-yy^x-^^ft/^y^r 2 1 idling *.e>tt, * 

»lx.6nf:f-?#MUX 2 2 

6„ 

[0 0 2 3] -J, \^^^9t^hfi^4 9 >V9A -?2 
3(C(i±feUfc2 4. 5 7 6MHz(0^tiy^|at^ 

ti5„ 4*3, mioteV-4 9/i-<?x9;-Y r &<ft-<D;- 
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&mWB%-Vw£titzm>h9uy9tiSflr&Vr&;l'. * 
coftMSrBtPfltti: U77f0K2 4tc&ij&-f5 0 5 
5» ^iaS§ 24(Cil^-fA^^ y 7° 9 4 5 y ^«*fs/SY 
T nmRVAL#J3fflttfc#*&i**l5. z.<o94J**9y? 
5 y^lt^fs/SYT INTERVALf±0^t>iV^®-e4 
f-y7 p /wr-^ Vf-ffuy?) K9 4 

9v-f s -r^hm?mm^m\i-ri9-( ?.y9^-r 
flr*T?*>5, -y-y^y y^iiisitf s/^y^wnsY 

T INTERVAL-^^*bn5iliS^:T*&5o 
[0 0 2 4] -y-y^FflRlSYT INTERVALIi-^yy/W-r— 
^t^yA^y:/ (SYT) ^f+ip-rSiJ-y^FfllB 

-efc •? , 09A.fi, 8-efc5 0 lot, 5 y?-\B\&2 a 

H, 94 ^79^-794 ^y^jf-^fs/SYT INTERVALS 

JOj|£ftTMUX 2 2ir^*&$ti, /<4ry 
yy/V-raRSSYTINTERVAL-ef-yy^r-^fC^ LTttSn 
£ft3„ iot, f-yy/U^ffiSYTINTERVALSW^fFflffi 

fr^S-fryr/A'f*-*^-^*? hiLt/<^ i 

*s«!ftbiirv>5. *fc, aSfll^s'7r2i, mux 2 
2, ^^^^^2 3, 7yf-HJK2 4li=y ho- 
/W|fB2 5(C«to-rfJ«$tv5 0 h-n-/ugR2 5 

aftu «3ds-*-53TS<ow«iflr**#iHiis^ 

UJ-f-5. 

[0 0 2 5] SffiSgl 2(13) fctf^Ttt. B 1 1 K 
l 5ti>(b<D7 t ~-9/<9-y Yti^4 9>v 
79-h^y-y r-»WSI53 1RVT4 y^ot^y 

*-f-^>5ry httWg|53 liilM^A^-h^'TS' h 
CSfcflfitrjU 7*-9'*9-y YWm®>3 2n.T 4 9 9 v 

hCStttf-f^/l'J-f-rS 3\m&Ztl> V4 9 
;u94-?3 3\i*<DV4 9frx9- Y'<*ry YCSKm 
£tifztirrmtf± yhZil, Z<D±y M^Mffi^fe 2 
4. 5 7 6MHz©*Py*fflr**W*LT, *©W* 

g§3 4ictt*t-r5„ 

[0 0 2 6] ?—9'<>ry 2fiWJ 

nmy^nt^y nist/<?7r 3 sk^s 
Sti*t*f-, r^fy^ct^yH'Bcip^ 

^f-il^ibftfcS YT^S YT«3ffl$53 6 "CE? 9 ffl $ tl 

4 \tV 4 9/1-94^3 3*»bift»*Hfc*>f 
94 J*T c i: SYT«ffl«3 6a>6tt*&$iifcSYTt 



ffi^C^ StPLL!h]8§3 7!Cffl7Ji-6 0 PLL0SS3 
7f±WiS*^c;/j!'fI#c REF ItfictBPUW LTS£f- 

^9^B??itf s^t5. ff^f-y^y 
y^^^ffff sfigff^y 77 3 5MD/ AS 

^ 9 ,A^ y Y<D&Vy7°/i>7 ! -9*ftt£1-yv*}) W 

*i"5. D/A*fl*3 8tt3MT/<!/77 3 5)i»&tti* 

£ftfcf-y;/^x-*£ff£-y-y:/y y^ny^ff^ 

f sKlBlfflLTr^n^-^^^-flr^SEiftl-*. * 
L-T, rne>45-laIlS*-lS0J«li-5='yhn-/H!B5 3 9 

staia-t^s. jfc*s, ^^±^e>j^fs$^r< s^*y 

•fey hff^tiay ha-/HfB3 9 i^rSffl £ft3„ 
[0 0 2 7] 7-9 *>ry h©(SiS#ife*rKfcRWi** 
01 2ic^-TJ;5i-, 5_hcoD"-f 9 )^9 4 J* 

i)!5, 6, 7 • • • (HI 2 (a) Cycle Timer ) "C, 
3Ht«l 1 (14) m-V\%94 k.79^-794 ^V9~m 
^-fs/SYT INTERVAL 1 2 (c) f^-f ft ^!&^©£n 
<38±l/ri^-&i§£\ Z.<D9 4 ^79^79 4 % y^lt 
^•fs/SYT INTERVAL <Dfth±.i> i V l$jGiroB*MIST 1 , T 

2, T3, ^^©^^co-y-yy^x-^ a , b, c 

{C^tJES-t-So -rft*>*>, W7°fl' 1 r-9m\-m \ 2 

(d) lOT^-f-J: 5 f-, 1 2 5 Msec scflifcrf sf-y?' 

;vm± w->-?/is7-9&ia L <Dm&<D%.vam 

hit (12 1 2 (e) ) ^(D-y-y^T-^^JW? 
*><0^^ A^y:/*^ $ y^f-^-fs/SYT INTERVAL CO 
it h 0 5 * y - 9 <D BSfHHiS T 

1, T2, T3, d s -hf£c0C I P^y^tSYTi 

LTf«P$n5c ^co^ffi/5S^P$^5f-yy^- 
^C0RgPH(i-y-y7 P ^rflPBSYT INTERVAL (g|l 2C0^Jt?(4 

8) t/i^o NfRHBTl, T2, T3, ii*fJSLfc 

*y7°/^'-^W^f«T*coS±ffi^^«r^-rf ? -^ 
X*h<9, ±mLtzlo\z.m^&mW4 9?i<94 &<D$L 

6„ ^nfe, y'—9^'9y bte'^y-y Y1ttffft>frrcl 
2 5 Msec f-y ^/KD^COf-'T^/V'-e/^^ 1 5±|C|1 

2 (e) |c*i-J:5K, HftSiifc^-^^aW 

[0 0 2 8] SffiSl 2 (1 3) ffij-pf±26flr»l 1 (1 
4) HfW^fcT^y^nt^y H SO^i 

«*.«, SI 2 (a) \zm-TV49fr94^ 
(Dtifrmfr V4 9 A>9 4 A = 9 \zft o 1t 1 1 Sft §g 

w-ett, s^-y-v^y y^^ni/^it-^-f sirpjgsi. 
r, El i 2 (g) fc^-f-t 5l-a co-y-yT'/vx-^^S 
m^yyr 3 5*>e>W*$ix5„ *fc, Sft«l2co-y- 
4 9/^9 4-* 3 3<D9$WH&ifi-V-4 9^94 A= 1 1 |c<e 

L, bcoir-y^7*-^^Sft^y7r3 6*>6H1*S 
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Z><DXbz>, 

[0029] r<Di5lc, %iSM~cizmm£ti%lt7 ! ~ 

«^77tu -ecosfH^-^cosYT m&.mfe&f 

[0 0 3 0] U6»L4#6, 7Vyyn+*£i££fi 1 -o 

^■<^±<0*lpl^W^3EftLfc3RrojSflr«-CM:» /<* y 
■fey MrioSWM^tt-JltLfcSYTSr^tf^^s/ b£ 

fi, gfgx-ywSYT (ff^^Bfra^ 

ishbt c t^-skb«:v^*»xri:-sk+5ofc#iirfci*ii] 

0 , 77tffc.fi. 

So 

[0 0 3 1 ] JWMSjfctt, R©* 3 6*i 
5 0 11 3©J;5K, y-KA (iMy/i^^y- 

k) ty-KB^* i a»/^±©f- 
^y/u*VA#iMy/i^.fc,i-cfc536£, y-Kc 
(IM'^-T^y-K) iy-FD^l 5tM 
Six, ^0^* l 5±rof--f ^/u^^Aa^^/i/^^ 
A2T?*5*t*s*t), y-FA^-^jift 

Si-fS. t©tt»fcj8V^T, y-KBty-KC^^ 
^15fgl$^ /-KA75SDiJJl#©*K4!», 
y- KCtflM ?/v-?7.tr Ktefcofcti-s. - w 
y-KA-Ctt, iMy^y^A M) #*35 

[0 0 3 2] El 1 4 i4_hfEro 1 ^J^Pifffl(C7^i-|a-Cfo 

So 0 l 4 dis^r, (h) Jbm (n) 14, j£fi»I<o 
im*$tLX&*), Ztlb (h) (n) 13, 

(h) BUS^asKSfcttOBStSJifcWKISi-S/^'J 
•fey h 5. Swftfiiifi^-i^/^s 1 owU-< 

/v*>e>H i g h u^Ma^wttox^iViMnmcB 
u s ©ssRifcttWift^fcixfcr t t^LT^s. 

(i) y-fey bM^cD-^ 9 frfj # 

^&£Wc*5^-cii i i s o-y-^y/^si 25 [/i s] t 

&So &*3, SI 2 (a) ilH-cOtcOr'fcS 0 

(j) ^ d w A-e*5„ * 

^ifeWc&^Tk 1 I s oW^/HJl 25 [jslt 
fcSo 

(k) S*m^B#Rflv ? -^SYT©^^-i'5^ ; ySr^ 



(1) 012 (c) cQfs/SYT INTERVAL tm~<Dk<DX 
fcSo 

(m) SI1 2 (d) (D^yfflSf—? km— <Di><DXh 

So 

(n) 012 (e) <Ds<tryMk£tl1t l f—?tm—(D 
hVXhZo *fc, (o) (p) fi, gfi»fl|©« 

(o) 01 2 (f ) tl^-cOtWT'fc^., 

(p) 012 (g) tm-<Dt><DXhZ> a 

[0 0 3 3] taix.fi, '>&< H2o»/-W\ *M 
A l Tx — *©iH§:fi£?To-o->3i:1-3 <) 0 
i4f;*^ttt, iMy/^*yy- K^iiffiSixS 
5?pB^tJ:oT, %m&WW'(?/i'?'(J*\Zl 2 5 

[it s] ttfcl-foi**., W^^^i>l=5, 6, 
7 iLt, SHHSiifc/-K!9*»pi*ll]oi*ll] 

Tfi, (k) ffl?^^m4LT^5fc», t-f 
-ftf-f-^fctt (k) ©y^yyri^^BfM^- 
^SYT*sf«P**L6. ft*5, *Jttt««c*JV^TH:, ff 
±Jg£l5M r- y S Y T tan x.bix-5^j^jS®B$PfflT D 
Sr4tLTV^„ iot, f-y^r-^alc 
fi, 

[0 0 3 4] 
[ftl] 

s y t =mft©iM y A-y -r a+ te^asB*^ 

= 5 + 4 
= 9 

(vmmtfttmtsnx^z, f-yrvi^-y bic 

li, 

[0 0 3 5] 

[i2] 

syt =m&coiM y /v-y a +mmmm^m 

= 7 + 4 

= 1 1 

?HMUtSYTWJD$il5„ tit, HlOlCTlft 

ti, Silc&HjSixS,, SfllflJ©y-Ktt, 

3«'<4ry Mt£ixfc7 ? -y£gfiU 01 HCTRW 

«H1-3o 01 4li*ffy^f-^ afi, 

■^y^y^-v^ 9cDB#tc*gfS£tLSo Z<DZ5\Z J f- 

So 

[0036] 01 4(r*5i/>-cf4, •+-ry/u-y^i»9 WBt 
i-e^/^ i 5±f-/^y-fes/ h^^c, fffc^n^s 
-y--r y/p-^^.^ y — Ki^ofcS^-SriS^L-c^So r. 
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*^A2 = 3, 4, 5 - • • -Xh^fcib, ^4 9*9 

-Y-riCfciJ SYT«s^$*v5fc*, 
[0 0 3 7] 
[Sfe3] 

S Y T =^(D-f4 -v + lEiSiBffilSra 

= 3. 6 + 4 
= 7. 6 

-?c}4, S YT= 1 3tfStt2in£;h,TV^fc«>, ^$7* 

«3©i«lll*»-t-*ri:K4«. ±ot, r©±5*» 

m^~9 (syt) i^E^nx, &flmu«iv\ 
[0038] mi <d%m<dwm ■. mttmm) m 1 5 
!4, ±mLtc?mM*mmm\x-*i!&i-z> i ^mz^v 

fc»fl«Ott»t*f7n-^ir-h-C**. HI 6 
Hi, Hloro@KHA>6*¥i£^«aSlJ»*a«'Lfct 
©t»fc«J, HI 0 tn-0««**-r5iaKKH:|HI-0 
«F**f+4iiTJ3 9, *£>iftEtt*l&-r5. 4*5, Ell 

&^LtV5 0 *§llfi©}gliK*5V^-Ctt!pjaiJ|lIIS2 6, 
SYTWH3K2 7tr*ffcK«|*-CV^5. Sfc, 
*94^2 2\c\t y iM^^A&fS^I-Sfc*^ 
^^^2oitt^5, rrr, TOJIe]8g2 6(4, M 
U X 2 2 4 9 i^fS $ tl/T < 5f-^«S> hfl 

fc5 0 *fc, SYTS&0SS2 7f4, mm®2 6£'9 

bW**il5JI» (SUB) fc£-^-c»#**$[HlK 

[0 0 3 9] £TF, Ell 5<737n-^ + - U 

tm*tim*Km-ri. nfeButiSfc, '>4 

<H2offl/'-W ^4 9^94-r IX-f-iXDm 
fSSrfToTVSti-St, W^;vNvl = 5, 6, 
7 • • • •W^/^^;-F«>5)M^ 1 iai£ 

tl, fllx.fl, iM*A^-<?2 3rtC0l^*>? liCS5p 

fffMSr^flWIit LT 9^/^111^ 2 4C«6t5. 
T, fei^* 1 5±('7 ? -*£i£{t1--5/~- Kf4, Sflifi 
LfcJ;3(-7S/^[i]K2 4(C*3V^-C, j?T5£«S YT£± 
fiicU MUX 2 2UlTl3I*S YT&7*— ^KttflCU & 



i5i) ( z<DViMK^^x, e^^i 5±ic^^y 

h#4C5 (x?y7'S15 2) t, nyfc-^ 
«2 5tt/<xy-ty hflUJ-frSMti"*. /^3tyhi> 

1 5 2 : N) . 

[0040] ^Wu -*% 2 5 i4, Sltyh 

«*t*fltufca, t^w^v2 3^.t>-wj[Hiss2 
^■49*94^2^, mz.\zw*9 2tc»j«f-r5. * 

L"C, U^** 1 t U-^^ 2<73f--T^/u^-r Art^-ft; 
LfcA»if5*»*flt» (^tyT'S 15 3) U RfcL* 
V^I4, I/v 5 ** 1 W^^fclM:^^ AcDfit 

xm^^mno (xr-yfs 1 5 3 : n) . v 

i>*9 1 t Uv>** 2<DV49*94 J±frmtVtzWr& 
|C(4, Uv^* 1 K&^tv-CV^-tM^/i^-f ACD« 
£ u * 2 £ tit V *5 1M * /V* 4 A cofitcoM 
» (SUB) & 
[0 0 4 1 ] 

[gfe4] (SUB) =^^iroWW^A 
H— k-^^ 2coiM 9*94 -MiS 
KiO, ttff Ufy7"S 15 4) U SYT§&[h]& 
2 71C^WH^ (SUB) ^tH^-f-So 4*3, IM^A- 
^^"-72 3(4, AXUty h^S^DfcS, ■V-Jffrf'f 

a 2 (cs-^v sa**^ 9 2 -e^$ txfcji*^ e> 

^@g&2 4(rtt*&Lrv^s 0 ^Jx.ii, ui4(c^^tir 
v^?,J;9^-, 1M 9*94 9*94 J*2 t4 
9, t^^^^-r23li, W^/^^A2 = 3, 

4, 5 • • • •■eSJp^Hoi*M^i3**tf5. 
[0 0 4 2] WJ@K 2 6 -r?(4, SRIW»«#-SrSfB 

MUX 2 2^f>M§h57 i -? W ^/^-f A 
= 1 tf>tea»iM ^/^-Y A = 2<o^SrWJ-T5 (^r 
7 7*S155) „ r©TOI^fe(4, ^J^tf. (I) 

77721 *;/ti4f- -r 9*94-^2 3i:*^t, ^^y 

x-^iryy^^rfc-C, WJ0S&2 6"Cf4S^7 7^C 
4 0 1M ^ /^-T A= 1 toQii^ 9 A>9 4 2 

T 2 1 4fci4f-^r 3rt»^y77t^X* 
^fflb, WJ0SS2 6-CI4ttlS§^T<57 ? -^«f-^ 
X-$rJtg5i-5 r fc IE 4 5 *M9W(J»= 1 0**»*>f 
^/U^^A=2C0|I^^WJi-5^^, *fci4, (II 
I) WJIi]gS2 6^ > -f 4 9*94^2 3Xit^>b^ 
-*n2 5fr(b : $L&<Dy-4 9/i>94J»&£®U 
4 9*94 A Ci!Ei£HMff#rfl Srira x.fcfi iMUX22«> 
ibiitH Jil5f- * dttflP $ V ^ 5 S Y T SrtfctfE L, 
^wB#ra«/5S-B:L4v>#^i4, hfr(0y f - 

[0 0 4 3] ±12(111) ©#^iC(4, 014© 



S YT= 1 3frtttt}£nXi3<Q , ~<D 1 3 btfitEWJ 
? >V9 4 J*Xh 5 1M ^ /i-^ = 4 tcteiiajS^W 4 
^SPx.fc8 i£Jt«U *eo#*roi#|H]ttas-&L.ft^ 

w-cifca. WJHiK2 6-e[i, ^!)t?h*c*fcft 

UJ (Xr>7 7'S 1 5 5 : N) U /<*y*y Firof- 
*-(4SYT#&@jf§2 7t26W1-S 0 SYT*&0!82 
711, ^?W>fv2 3Hid (SUB) £gff 

5o ^LT, JrfcJiSYT ' £ 
[0 0 4 4] 

[jgC5] SYT'=SYT-M (SUB) 
iLtM (^ry^S15 6) U aSr-^flSY 
T&SYT' 5. aj*7*-*«r£i£ 

S 1 5 imktt.. fft>\ 6-fMUXTl^^fg 
^tl5^77h«WJ U77/S15 5) £fTV\ 3 

hmro^-^CDS-g-lril. Xfy7 , S15 1CI»), il 

»2 5#fT3rfct>»r«-?*>6. ^coj;5(-, jfSl<o* 

*©»«Ki3fc^rtt, ^y-fey h*»±Lfcii, Jiff 

ffliJtfV- Kdfc^T, /<*y-fes/ MftcDiM'yvi^'i'A 
"CV^ft Vit — ^ © S YT : SriSffcft"9"-1' 9f^9-i A<73ffiic 

[0045] ft*;, eas^ii^-^tasw-j-s** 

Wi|«2 6 2 7(4, Ell 6 

51-MUX2 2»$|£(Cii;t5«^iti&T'fc3<fcV^s, 

iv\ ff^JB^Mf*-^ (SYT) 

co^^i(cfc•v^Ti4, AMio^fit^fcRicrt^^niB 

^CD4|-g-tf4, gll 6^*3it5(HlSS»SYT*m[H]Sg2 
7^^-^fJ^IUKtLT, NrM-fti^^Cfcv*-^* 
BiJ[H-5rtt»rilTf*S„ ^(75^(4, (SUB) 
i4;&gftv^-?, iM^/i^-f^ 3^<DUiy^^^'P 

ft< t h i -onx m^<Dmmt^mtii>o 

[0 0 4 6] #»W<0im£*aft«HMlCTtt*& 



1 7{C^1-J:5^f--r^>'V^-<A : CT = X};iTj£gfS 
£Sfrfctt-t^-5'>ft< fct> 2£©/- F&g&KL-CVS 

t>tiX^2>'J?ft< t h 2i3<D/~ KSrS8B5L-CV>S/^ 

1 5 taJHV>KS8Ki*i, ttKSiifc^l 5_hcof--f 
?W^^iiCT=Yt45S^t*fc5„ r©B#, 1M 
^/^^A : CT = Xf!M / FLTV>fcg{iffl'J»/- K<£> 
S YT«Jtbt|53 6rt«^y7rl:il, * A** ^ A : 
CT = X©SYT (x20, x21) £ 1M ^/W^-T 
A:CT = Y©SYT (y0, yl, y 2) t^JiftL 
TV^*l-ft-5„ rr-C, #lxJ4\ SYT (x2 0, x 

2 1) as, /<*!)-try V<fc<»*r-1 ?;u?4 &<Dmm$fffl 
-efc5CT = Y£0 fcig*»y ? -^TfcofcS-^t-!4, 
f-^fflSYT (SifcJ&SIWf*-*) irgffWJcDlM 
^W^Tc UBPttM) £asgl$lfl]-S:L.ft<fc 

*) . /< y 7 r h&tiJEH! ft§ ft 7- 9 ©iO-aW* X f ft 

<ftorb*5©r-fe-5 0 

[0 0 4 7] SfMtlfcts^T, &©J;5ft5 

(1) /^y-fej/ hftfc, SftWo^y7rlcS^.e>^ 
fc/^ y-try Ym<D^7 ! —?RXT : t<DSYH±xm 

(2) /^y-feyh^ir, SftflJ»^y7rfc#ie>tt 

fc^Dt-; hfifrwf'-^as^a^nas-c, 

ft<ftofc^a>6^^y-fey MI©S YTttr«*r»of» 

(3) /^y-feyh^lc, SHt«o^y7rJ!:»*.bix 
fcs YTw^-^^r^^L, /<* y iry hfiflfrrof*-^ 

s^v^^snfcS^f-^T-y y^p-^ f sic J; 

-5„ 

(4) /<*!J-fey hfctt, /^y-fey hfI<7)7 J -^lC*f 

a^ixfctttt, /^y-fes'UlosYTtftfflttJW 
^ n y ^ (t-frc i o isf w^a^ff 5 . 

(5) /^y-feyh^i4, /^y-fey MWox-^Ktt 
lt(4/^ pty hwcof-^r ^^^-r ^m^xtim 
L, /<x!Jty hfitiro7 :? -i?^^x^a$ti,rcmi4, /•< 

[0 0 4 8] £i,Ttd±i2 ( 1 ) ( 5 ) O^^ftT? 

m2(Dmm<Drmnmm6<^mm<DmmtLxm 

[0 0 4 9] (12 W^JfeW^^ : gfSWfliJ) El 1 8 

(4, _tia (i) co^ffi^fKB&wi-^bfcH-c&So *m 

t*iV^, HI 8 (a) [ilMyVW A : CT = X-C 



ftfeL-c^fcgfifliro/** y -fey hiS^wsYTtttilgp 
3 6rtro^s'7rw^tiSr*tT*5?), HI l 8 (b) ii 
(l) *rftfctt«ft*L"C^«. i-ftfct), /<*P 
fey YWiWMtrM'iJ*'. CT = Xti§ll^h 
TV\fcwe, SYTj4tttSP3 6rt©^y77l:ilx 2 
0, x2 1fflSYT/J5Si§tlt^5 (018 
(a) ) . reoau /^PtyFMC, /<*±tf>1M 
yVl^^AriSCT = YtC&ofc88tC, SYTttffig|$3 6 
rt©^S'7Tl-ara$iX'CV>aSYT«r^-CHlJISFt5. 
4S3, SYTt-KfK^y MfcSJvtvyfcgflMy? 
7 3 5rt<Dx-^t|iJ^1-5 0 /<^5*y HKii, * 
-f^;^>fACT = Y«SYT^yO, y 1 , y 2 • • 

(Hi 8 (b) ) „ c©i5(c B2roHJfico^liic*3 
ftfc/*;* y -fe y HWoftflW-^Xt^toSYTtlMBi 
[0 0 5 0] 11911, ±»LfcSMt«OWIft7n- 

^-MtLfckro-e&S. 1212 0(1, Hi ico 

01 1 fcra-©MB*^$iailfcttlfl|-0>«F 

2 0 Srffli^TSB 2 wmtro^HBro^W*** 

1 5±T?f*-^coaiSftWt)HT^5^f»Jr*5V^, 
±$Lfc J; 5 ln^-xa^Wf*-*^ y h^s-^-Y yvw* 

■*M*nvx9-Y/*>ry h C S 9t\>94 ~? 3 31c 

f--r ^*^v3 311-ewf-^^^^^- h 
^y- v y c s tc^ $ ttfc^wii*ia^-&fe u^* * ic-fe 
s'h'ta. x-^^y-y 3 2ii, 

f-^SrSflr^y^r 3 5Ktti|&i-S. r-fy* 

n^^-Jry htfJOC I P(C«x.PjtLfcSYTtl, SY 
T»fflSJS3 6-ettffl$^5. ±iSL/cHl 1 tdfft 

[oo5i] r.r-e, ^-^roiSg^a^Tftfrtt-c^s 

h#£C<5 Utyysi9 1) i, => >- b p -yugp 3 

Ufy/S19 2) . *rfc41Nf*A'*#-h'<4 r 3' 
h£g{f LW^W-fv3 311, *:<r>*M9>vx9 

■fe y h NfHtt^e) 2 4 . 5 7 6MHzffl^Py^(lf* 

c <t LT-fy&ffi[I]&3 4icffi7J-f 3„ *fc, ^^hP 
-/^3 9»Sffi^y77 3 5&U<S YTttffi£|5 3 6 (C 



S YT«itii35 3 611, #*W^y7rtC^g[$^rv5 
x-y-££Ty- U7^/S 193), ^7y 

7°S 1 9 sglftii, 3l**#'<*y-fcy h#±C5*-e 
9 -S^W®if§3 4(c 

ATciSYTttW«3 6*»fettftSil8*ffc*SY 
TiSrJfctfcU 3^RBflS^-S:L.fcB#|Cff^S2p^n 
y^ft^C REF ?rffl^1-5o ^rom^tfSili^Lfcii 
9 MfTfrftSo Sfc. ^ry^s l 9 llcfc^T, 
y-fey h^C/ilf^t, 3l*«*/<*5*y b^ 5 ^ 

'<y7?3 S^r/S YTttffigC3 6 y 7 r ft^x 

-9*±X9 VTL. /<*y-fey MgOx-y-tlilfcil 

*S, JfS2©*lfi©Jg«©#^Ktt, 818 (a) "C^L 
fcSYT (x20, x21) tffiS-fS^-^tt^fSL 

[0 0 5 2] (ft 3 OMIOM : SfSSIffllJ) 0 2 1 
(1, ±SE (2) ©*tttr«IM9K*UfcBI-C*>6. #H 
i:i£nt5SYTili3ttjSfl3 6rt»^y77©»f 2© 

*JtroB^i:ll--efc l P, 121 (a) (liM^yX 
A : CT = X"C»)^trv^SffftiJcO/^y -fey 
(OS YTftfflg|$3 6^7 7 7©«SLt*iO > 
121 (b) il7?£ (2) *«fc««*r*L-C^5. "f 
ftto*>. /^y-fey YmWM 9 M 4 * ■ CT = Xt? 

aBMttffftaHT^fco-e, SYTttawaerto^y 

77lCllx2 0, x2 1(OSYT*5ff$tltV^ (HI 

2 1 (a) ) „ y-fey h^C, /<*±C0 
V<<9A'9'(J»tfCT = Y\Ct£^1tm^ SYTttWSR 

3 6l*9»l»rfc&S YTCD®t)^Srcf»fi-5 0 ^tLT, 
SYTftfcbgC3 6rtW/^ y-fey f-fKDr'-^^^T^ 
m.£titz'&, S YTfflffig|53 6 p*9H*f/tftS YTnWL'O 
'ThZhtfffliik-rZ, mitteS YT©©<9^W^mK(l, 
■9-^9^94^ : CT = Y»S YTriSy 2, y3, y 
4, y5- • • t S YTftffig|5 3 6 ^777l;i« 

SiirvK (0 2 1 (b) ) . r.©i5(c, m3©j^jfe 
©»«fcj3^rB, /^DtyKlKii, Slfffliiro/^y 

/^^r^-i'OftfttfiU y-fey 
hHlJC0f : '-^^ft<fto7 v c^^^z^ y-fey HfflSY 

Tmm : tn^y ! ~9<Dm^^n 5 ± 5 k L-cv^5o 

[0 0 5 3] E12 2H, ±j*LfcSft*0^1i^7n- 
VitLlthnX-hZo H23tl, 111© 

t?*>9, Hi 1 tpi-©*iB*<r-fsiHiig^ttiai-oflF 
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StSrKW-i-*. 3te1\ 'M<H2oroy-K(a»)/< 
* 1 5±T^-y-©£gfi^trt3ftTv^ltc:m^ 

fr*9- h^try b»ffigC3 1 fcTttffi$*i3. 
ftfclM 9^9- hz^y FCSI4t-{^;^-Yv3 

-YAtry hCS|3SSftfc»mH*fl*.«i'S*** 1 

rtw^-^SrSflr^s/^r 3 5fctt»-fS. *fc, 7>f 
y^n^/^s* h^©C I PKiifjJltS YTIi, 

[0 0 5 4] ;:-c, 7*-#<Dm%mfcftt>tix\<^§i 

wcmitt£m®<D8m.*iztemte%i?K y * * 

h*s±C5 Ut7^S2 2 1) ir, 3>ha-^gB3 
^SB3 911, «^>M?3 3 (Ci&ffc/fe-^-l' ^/U^-f 

-So w^/^^-^a 3 ii, a»j«f^£g«u w 

7L (IfS 2 © u 5>* * 2 \m 1t frlM 9 n> 9 4 A # a 

3 3(1, U-v 1 ** ll~g«£;ftTV^-!M^*Mi^ 
S-CSV NT I«©1M * A *£riJ L-SC^WIUK 3 

4|E{JW&U*tt5. =>> hn-/W5E3 9 11, gflT 

s<?7T3 5.&T/S YTttfflg(S3 6 K#^y7rM 

UfyyS 2 2 3) 0 ysRWWf^*3ffiLfcS«'< 
y7r 3 5&tfSYTttfflg|5 3 6(1, «-*W^y7rrt 

[0 0 5 5] tnm. Sit '< 7773 5 "Cd, §<f^ 7 
7/35 1*9© F I FOOf-^^OiofcA^Mg 
®$tt, F I F O <D?W ft Vv®£ (^T7 
7*S 2 2 4 : N) (1, /< y 7 7 ^©T 1 '-*' ©*£ 
«PWr (Xf7 7*S 2 2 3) AS«t)M*iX, F I FOrt©^ 
— ^^agidTSofc^ U7y7"S 2 2 4 : Y) (ill, 

s/7r35(±=yha -;HfB 3 9l;*f LTEmptyF 
lag tr^ffi-tSo 3yhD-/^3 9li, EmptyFlag £ 

^©*&^©*J«t^£&WTSo 
gffiUfc^^/W^'f^3 3(1, U-^** 2 (::»«£ ft 
Tvy/t^^/u^ASr^** 1 (^xy 
7S 2 2 5) , a^f--Y^/w^-Y^S-J; | 9 §*©1M? 

yhn-/U&S39il, 3Mt'<y?7 3 5#tfS YTfflffl 



SB3 & \z.&;<yy t\h^<dt : -->? (Dm^^^nm-rz 

«'<y7r 3 5&tfS YTttffllfB3 6(1, ^y7rrt 
^©x-*©#t3£^-£i?M1-£ (^Ty7S22 
6) „ *xs>7"S 2 2 6(C*3V^T, gft^j/7r35& 
tfS Y TttWSB 3 6 ©&/< y 7 7 H^<D*r~? ©*#& 
*«r?WI!Lfc«f±» 31***^ y -fey 

[0 0 5 6] ^T7 7'S 2 2 3ra^t 1 U 

-fes/ hfH^-^T-y h«Jtiigl5 3 2 (C-tf ? -*£«)ffi 

m-tz- 1 h^imxh^o 5n, /<*y*y meat 

/<7 7 7 3 5S.USSYTftffig|i3 e^-y-tfWmZtl 

^3^^r(±, sflr^f7T3 5rt©f f -^*srE«i-s» 

^■«r»WLfc*S. SYTttffig|!3 6rtC0F I FO©f- 
^^rgftL, S^F I FOWf-^^Cftofcb, Era 

ptyFiag *&mi-z>mmc-fzz.kt>-%mxbz Q * 

^jtjrFW:, Si^y7r3 5SU!/XttS 
YTWWSC 3 6 rtcOF I FO©r-^*^rffSiJL, 

f i Fot^mti^ti^Y ! -9A^(DVrmmcmLtz 
mfe<nuwm%*tiijji-z>mmzi-zzbh-»!mx' 

mi, affi'<y77 3 5Xtf/XttSYT8iHl» 
3 6rtfflF I FOCf-^C/^yty bfj©7*-^^ 

^Dfc^lC, S«/<y77 3 5&U5SYTttWSP3 6© 
#^ 3 /7rrt©y f "^©S : #^Sr I P»fL., /<^y-fey 

T, ^3©3Ufiro^«g»#-g-(C(4, El 2 1 (a) "C^U 
fcSYT (yO, yl) (CMf 5t-^(1^ UT 

[0 0 5 7] (JB4 ©aaS©«* : §ft«W) 0 2 4 
II, ±fa (3) ©^fe^ffiftW^LfcBI-CfcS. 
(CioiTSS YT«Jtti^3 6^777®»I2» 

mm<DMMkm-xh>o. 024 (a) n-<M7^-r 
A : cT = x-e»fPurv^5*fllKo>'^y*y hfi^ 

©SYTttWSR3 6rt«/'iy77^iS:SLr*3i) ) 
02 4 (b) YiJjm (3) 4rSfc^^LTV^ 0 , -r 

*to^>, ^^y-fey hflfrd, ct=x 

T?SISW^fT^H-C^fc©-e, S YTttfflgP3 6rt©^ 
777lMx2 0, x2 1(OSYT#Sa$HT^5 
(812 4 (a) ). /^yiryh^C, 



±L<W4 AaSCT = Yte.ftofc(&U:, S Y Tift 

6rt©/<y7rfc*8IS*VO**SYT*£Tfl!l 
0£-f5„ *Lt, S YTttffilfl$3 6f4#r/tfrS YT<D& 

y&*&im#rt5o *ffc>5esYT©B?)ji^»{ctt, f- 

4 9/U?4J*CT = Y<DS YTfty 0, yl, y2, y 
3 • • • iSYTttW»3 6rt©/<y7rfc»ttSilT 
(B2 4 (b) ) „ ft*S, /^JJ-fey hUttJ^ 

T, ssfttof-Vtobh** 1 )-*? hits 

COt^-^14, s<Xl)±-y YmWJ t >V?4 J* : CT = 

x©i^tr±$£ftfc??±K^n^fi^c REF Kit) 
£/££ftfcff£f->':7°y >?9xiyir f sC«tDM*PS 

a£Hfc&l4, -tNT^/W^A : CT = Y(cM-tSr f - 

^$|C*5^-ti4, /^Dt^Kfc SYTf4ttigfl3 6 

rtro^ y7r icg* fejxfc s y t ££t Mm-tzmis t 

[0 0 5 8] 02 514, ±JfiLfc«»Sr7n-^ + -h 
ftLfctOTfcS. J^T, H2 6fc*fcH2 0fc/Hvvc 

if^JzU^y-fey h*s^U5 (^r^S251) 
t , 3 y h n 3 9 [4^* 5 -fe y hfll ^Srgfl-f 
3„ =■>- h n-y^3 9(4, SYTttffig|5 3 6 

5, 7 7 f*J<0 S Y T ££-C 9 y T-t5 =fc 5 JiWWfll * 

srastur*. a»wwflr*tsflrbfcsYTttffl«3 8 

2 5 2) . *fc, *«/<y77 3 5rtfc*Steil-CV*S 

r-*(4, /^y-fey nnrfc&ssh.fcy^Ti'^^ 

3) 0 ft*3, rco:R<icoB#(cf4, -S:^tb[l]8S3 4(dS 

YTtttHa53 6 a>P>Liifj< roffflS YTriSjgff^frftV' 1 

fcft, -iM$tti0S§3 4t±y -77 is>x9vy9c REF 

3rti}7jU&V\, L^L^fe, P L L@£§3 7 (4, 

y-iry hiWfc£j«3ixfcy77i':'**ny*c RBP 

^Mf^yy^p^ f sicitj^a^nsc 

^^;WY3 3I^W^/W^-h/?7y hCS 
&tfc*&-r5„ S Y TttfcHgp 3 6 (4, *rfc*SYT&ttlU 
U S!£S YT£-|^ffiH8§3 4(C#fef£-f 5„ 
[0 0 5 9] 3 3J4, z^y-fey 

fcBfffllS^^ 2 4. 5 7 6MH zCO^ci -y^ffi^-^H-fc 

lw^^^atc ^-a^ffiiHjK 3 4 \zm&-r 

5 0 -&$tt«3 4ii, t>T^^>f^3 3A»e)«W& 



t£mm?vy?wtc REF sr&fSi-a (^7^25 

4) 0 Xry/S 2 5 4l:JoV^, W^W^ATc 
t S YT^i- &L&l/>B#|Cf4, 7 3 5f*9icg 

fltetlTV^x-^te, ^fy/S 2 5 3 rfTfrftT^ 

tSYT#HSLftWci4, Sfl^y77 3 5rtic#» 

*P?P:y^{i^C REF (Cfifti^fflLfc^ir^yy 
fa s\CfflmLXtm£tlZ> (^7y7S2 

55) „ xry7S 2 5 5l:t;v^, ii^roS^toa^s 
HM$tifcmi4, 3l*tK*/<*S1f5- 
tf&&£tlZ 0 Xfy7"S2 5 ltlo^T, 

C 5 * -ca#OlM^tl» 0 38 U1T 5 . 
[0 0 6 0] r©4 5^, l|l40j||fcO»«fc33V^-C 
(4, SYTtttti£|$3 6rt©^7 7 7»f-^5;it^ y 
ru Dty hEBtlc0y ? -^i4/<^y-1ri/ MffiC£ 
$£ftfcff£-y->-:/y V9~9vy9 f sl:i«lU 
/U!Jt7 H^(757 ; -^i4afa , 9l-*!! ! ai-Sfll^i: L 

[0 0 6 1 ] (» 5 ©**©J»« : SflHMU) * 5 £DH 
Jfe(0^1ii4, ±$<7> (4) coTyffi-C&t), ^!ltj»F 

«n, /<*y-fcy ic*ttr (4^5 -cosy 

l, /^y iry hM»7 :? -^^^-r^a$nfcm(4, 

^y-fe-y h^©SYT4tlJ!J77l'^?P7^IIJ; 

[0 0 6 2] {% 5 ©^*©»j»K>* 1 (D^m %5<D 
1 ^5-c0SYTSrim-t5 
77fe-Cfc5. 112 6 14, ffi 5 <O^Jt©}g*©» 1 <Djym 

(4, IM^A^A : CT = XT?SSgfll*SfTt)lx-CV^fc 
COT*, S YTtt(Hffl3 6F^&0y*y77t^l4X 2 0, X2 

l cosYTdS^gf^ft-CV'So rco^, ^^y-feyh/J? 

/^±C0-y--Y^/V^^r A^SCT = Y(C/iofcBg 
(C, SYT«tUf83 6f±3fffc*SYTro5lt)34**fT 
5„ SffcftSYTroBt>j£*«tt, •y-^^yw^-rA : c 
T = YC0S YT*Sy 0, yl, y2, y3- • - iSY 

T«iai»3 6rt0^y7rK*ai**l-CVK. ^ 
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x20> x 2 lroSYTlrffi^i-S^^-SYTrfeS 
x 2 0 ' , x 2 1 ' ££fijcU iiJRISISg 4 2 (C«if&1- 
5. iI*R[H]88 4 214, z^y-fey h«#(CJCDT, SY 
TjSWgfS3 6 (OS YT^^?-S YT^HIK4 1 © 
y5-SYT~cogj!3&x.£fTl/\ -gc&ttiHIgg 3 4 
^©S YT§r«*&-f-5 0 ffi, ^SE^-SYTcoffi^as 
^TLfcb, m*»ttroSYT*-Sctttijlll&3 4fc:{fc 
*&1"5o r©4 5i;:, ft 5 ©^ife©^fi©ft 1 
*3^T14, /^yt^MIl 
fc#LTra^S-©SYT&ffl^T#yiU 

s YTlci 0 iB#©<M[iJSfTfcJiS 4 5 fccot?fc 
5. 

[0 0 6 3] BI2 7(4, ±»LfcSf9*©tt«SS:7o- 
hitLtch<VXh&„ II 2 8 14, 01 1 co 

liIKBgi»>e>ff6 09ltto»«(cfl(«ffi^trtttt<L«:<b«> 

-efcu, eh i km-omm*:%-rz>®mmm-<DW 

CB#ttfcfc^Tli*M§I!&4 0, ^-SYT±j£|fi]*S 
4 1, WR@*4 2t*ffcK«*.T^5. ZZT-®*® 
S&4014, S YTttWg|5 3 6 z5>bS YT&gfSU ^ 

s y t ©Mm© s y Tnm&'&m-t a 4 9 
U ^©^Sr^WM (D) tlty5-SYT4M 
4 1l:«t5, y?-SYT£«4 Hi. S^B# 
(D) fcSflTU *fcS YT«3ffi£l53 6frbS YT 
fcSflT*-*. *LT, ^ttl»n% (D) i:SYT»Wg|5 

SYT*£j*U *roy5-SYT*a«0K4 2K«lc 
*&-f5c il^@g§4 2f4, SYTaffl«3 6H©SY 
Ti^5-SYT£j*HI!§4 l*»feOSYT*aR«jK 
-&&m®to\cWfrt&. £HT, H 2 7 zmim 2 8 * 
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[0 0 6 6] ^5-SYTfflSfl:ef)!i;4^*)£ 
14, i^©4 5l-fTt>n5„ 13 2 8tc:*3vr, »IH1IK4 

0KttHffcSYT!»s(ftj&s*i,r*jt), /^y-fey 
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SIS 3 7(cW*&-f54 5 1« 9**. 4:^5. (^fy7 
S 3 0 3) „ r©B#, -|S[^ffi[H]S§3 4(CI4, /^^.'Jir 
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Sri^ft-rSo Simif^-^Sffl Lfcil«@S§4 4(4, ntf 

mm<DW%.mm? n y y it -^c REF & p l l mm 3 7 



-14- 



13, Xfy^S 3 0 5tC*J^T, ¥^-ft±mm?v-y 
?lf^C REF ' <DtLh±.1fi<9Zft%L\s1tm.1fi, Buffers 
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